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EXECIJTlVE SUMMARY

Introduction
The Center for Urban Transportation Research {CUTR), In response'to a request
by the Rorida Legislature, conducted a study that investigated the potential benefits that
may be derived from the use of safety restraints in large Rorida school buses {gross
vehicle weight greater than 10,000 lbs.).
To address this objective, existing literature was reviewed and evaluated to draw
conclusions from the accumulated evidence. In addition, two original analyses were
performed: a safety cost-benefit analysis and a descriptive analysis of Rorida school bus
accident data. The results of this detailed investigation regarding Florida school bus
occupant safety is contained within this report and condensed in this executive summary.
The ability of safety restraints to reduce fatalities and serious injuries to vehicle
occupants when accidents occur has been recognized, resulting in mandatory safety
restraint use in passenger cars in all but a few states. A few states, as well as several
school districts around the country have recently enacted legislation or policies mandating
the Installation and use of safety restraints in large school buses as well. Although safety
restraints in automobiles have proven to be effective life-saving and injury-mitigating
devices, their ef!ectiveness in other vehicles, such as heavy trucks, transit buses, and
large school buses has not been proven.
Since safety restraints have proven to be very effective in mitigating the number of
serious injuries and fatalities in passenger cers, it is frequently assumed that their
availability and use in large school buses would produce the same benefit. Among the
professional community involved with school bus transportation and safety, however,
controversy exists regarding just how effective the provision of safety restraints and
mandatory safety belt use laws would be In reducing fatalities and injuries to occupants
of large school buses. The debate is heated, and both sides of the issue make strong
cases in support of their convictions.

Proponents of safety restraints in large school buses concede that the requirement
of compartmentalization 1 is effective at reducing fatalities and injuries, but argue that
when combined with safety restraint use, fatality and injury rates could be reduced even
further. They contend as well that requiring safety restraints in school buses will reinforce
the habit of young children "buckling up• when they ride with their parents and, as a
ccinsequence, safety restraint usage will "carryover" into adulthood. Also, they believe
that safety restraint use will improve on-board occupant behavior and decrease driver
distractions, translating into possible avoidance of accidents. Lastly, proponents argue
that the cost of installing safety restraints Qap-belts) is minimal, no more than $1,000 to
$1,500 per large school bus.
Opponents of safety restraints in large school buses argue that large school buses,
because of their weight and large size, distinct yellow color, well-known routes, governed
operating speed, and unique safety design features (FMVSS 22&, 221 3, and 2224), are
inherently safer than automobiles, vans, aJJd light trucks and, consequently, do not need
safety restraints tq improve occupant safety. Opponents also contend that, in the case
of serious accidents, safety restraints may actually increase the likelihood of injury and
can imperil school bus occupants in accidents Involving fire and relievers. Also, the
argument has been put forth that if school bus drivers do not insist that children wear the
safety restraints, the potential •carryover'' effect will be lost and could cause the children

1

Compartmentalization, as set fonh in Federal Motor Vehicle Safety Statldard 222,requires tbllt seats must
be spaoed no more tbJln 24 inches apart as measured from the seating reference point (point at which the huliWI
torso and thigh pivot) and seat-back beight must be a minimum of 20 inches to the top of the sear-back as
measured from the seating reference point. Also, limitations are plaoed on the amount of seat-back deflection
both forward and backward. By adhering to these specifications, a compartment is created which is intended
to restrain the school bus occupant thereby limiti.og the severity of injuries i.o the event of an accident.
' FMVSS 220. School Bus Rollover Protection (49 CFR 571.220)- specifies performance requirements for
the structural i.otegrity of the passenger compartment of school buses when subjected to forces that may be
encountered in rollover crashes. FMVSS 220 applies to all school buses (Types A. B, C, and D).
3

FMVSS 221,School Bus Bndy Joint Strength (49 CFR 571.221)- requires interior and exterior body panel
joi.ots to prevent or reduce panel separation in a crasb. FMVSS 221 applies only to large school buses, those
with gross vehicle weight ratings greater than lO,OOOibs.
' FMVSS 222, School Bus Seati.og and Crasb Protection (49 CFR 571.222) - sets oocupant protection
standards for passengers and establishes passive barriers to prevent or reduce injuries from the impact of school
bus occupants against strucrures within the vehicle during crashes and sudden driving maneuvers. Large school
buses must meet all the requirements of FMVSS 222; however, Type A school buses, those with a gross vehicle
weight less than 10.000 lbs., must meet all the specified requirements except the 20 inch maximum distance
between the seating reference point and seat~baclc or passive barrier in front of it.
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to become desensitized to safety restraint usage and "carryover" the message that they
do not have to wear safety restraints in other modes of transportation. Lastly, opponents
are critical of the cost effectiveness of safety restraints, arguing that the funds that would
be utilized for safety restraints would be better spent on other, more effective safety
options such as improved driver training, higher seat-backs ("New York" seats), crossing
control arms, increased enforcement of laws against passing stopped school buses, and
adult school bus monitors.
Statistical Safety Record of School Buses

An analysis of the crash performance of large school buses in 1987 led the
National Transportation Safety Board (NTSB) to state that "Poststandard 5 large school
buses are an extremely safe form of transportation when compared to other modes of
transportation."6 NTSB's contention is supported by 1986 data pertaining to national
occupant fatality and fatality rates by vehicle type compiled by the Transportation
Research Board (rRB) committee that investigated school bus safety:7 It was estimated
by the TRB committee that passenger cars had a fatality rate of 1.9 and school buses had
a fataiity rate of 0.5 per 100 million vehicle miles traveled, statisticaily making school buses
four times safer than passenger cars on a vehicle-mile basis and acc6rdingly, many more
times safer on a passenger-mile basis due to the higher occupancy of school buses.
The six years of comprehensive Florida school bus accident data that are available
(1986 through 1991) indicated that, 0.17 percent (1987}, 0.031 percent (1988}, and 0.11
percent (1991) of all Aorida motor vehicle fatalities involved persons on school buses. 8
There were no recorded on-board Florida school bus related fatalities in 1986, 1989, and

1990.

'PoslSta!ldard refers to school buses manufactured for sale in the U.S. after the implementation of FMVSS
220, 22l,and 222.
' National Transportation Safety Board. 1987. Safety Study - Crashwonhi11e$S of lArge Posmandard School
of Safety Programs, Washington, D.C.

Buses. Bureau

Transportation Research Board. !989. /mproving School IJu.s Safety. Special Report No. 222. National
Reseax<:h Council, Washington, D.C.
1

8

Office of Management and Planning Services. 1992. Traffic Crash Data. Florida Department of Highway
Safety and Motor Vehicles, Tallahassee, Florida.
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Regardless of the methodology, school bus fatality statistics, when weighed against
fatality statistics for other modes of transportation, consistently support NTSB's statement
that large school buses are an extremely safe mode of transportation. However, the
earnest interest in ensuring the safe transport of school children furthers any proposed
options being given serious consideration for improving Florida school bus occupant
safety.
Review of School Bus Accident Studies

Recognizing the need for and Importance of studying school bus accidents, the
Texas Transportation Institute (Til) and the National Transportation Safety Board (NTSB)
each conducted comprehensive studies that investigated "real-world" school bus
accidents.
TTl's case-by-case evaluation involved the analysis of 13 school bus accidents that
involved 19 fatalities.9 This analysis suggested that 12 of the 19 fatalities might have
been prevented had safety restraints been availaible to those who were fatally injured and
that an additional 4 deaths might have been prevented had safety restraints been
available or proper student disciplinary procedures exercised.

m

also assessed ·accident characteristics andjor injury patterns which might be
related to the seat belt issue In all injury-producing [Texas) school bus accidents."10
This analysis produced insight into the impact modes which are relevant to assessing the
effectiveness of safety restraints (rear-end, side, and frontal impacts and relievers) and
rendered that approximately 46 percent of all fatal-injury-causing Texas school bus
accidents were accounted for in either side impact or rollover collisions. Moreover, while
rollover accidents represented a small share (6 percent) of all injury-causing Texas school
bus accidents, they accounted for a much higher proportion of all fatal and incapacitating
injuries to Texas school bus occupants, 15 percent and 18 percent, respectively. This is
important to emphasize because safety restraints generally are considered to improve
occupant safety in accidents involving either a side impact or a rollover.

• Hatfield. N.J. and K.N. Womack. 1986. Safety Bells on School Buses: The Te:xas Experience. Texas
Transponation Institute, Te= A & M University, College Station. Texas.

•o Ibid.
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NTSB reviewed 43 accidents involving 1,119 unrestrained occupants "to evaluate
the real-world performance of school buses built to the 1977 Federal school bus
standards."11 The objective of the study was to focus primarily "on events during the
crash: how well did the bus perform; how did occupants sustain their injuries, if any; and
how serious were the injuries."12 The Safety Board also examined the question of
whether lap-belts are needed for occupants of large school buses manufactured for sale
in the U.S. after April 1, 1977.
Based on the evidence accumulated from the investigation, the Safety Board
concluded that Federal Motor Vehicle Safety Standard 222 which provides for
"compartmentalization," worked well in the Safety Board-investigated crashes in protecting
school bus occupants from injury In all accident types. They also recommended that
Federal safety standards not be amended to require that all newly purchased large school
buses be equipped with .safety restraints and that such actions (requiring safety
restraints), in terms of reduced fatalities and injuries to school bus occupants, has not
been proven.

School Bus Crash and Sled Tests
In 1984, Transport Canada performed full-scale crash testing of three different-sized
school buses to evaluate the effect that safety restraints might have on improving school
bus occupant protection and to assess whether current Canadian school bus standards
provided a sufficient level of occupant safety. Data were collected on the relative severity
of injuries to occupants, both with and without safety restraints, and with three different
seat spacings. The Transport Canada team concluded that "compartmentalization"
affords occupants sufficient protection in frontal collisions and that the utilization of lapbelts may result in more serious head and neck injuries to restrained school bus
occupants.
In 1967, the University of California at Los Angeles (UCLA) conducted three crash
tests in which different impact modes - a frontal, a rear-end, and a side impact (90°) were fabricated "using research techniques and engineering methodology designed to

"National Transponation Safety Board. 1987 . Op cit.
12

Ibid.
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provide realistic and objective findings relating to school bus passenger safety." 13 On
•
the basis of the data gathered, the UCLA research team concluded that "the greatest
single contribution to school bus passenger collision safety is the high strength, high back
safety seat. Next in importance is the use of a three-point belt, a lap-belt or other form
of effective restraint.' 14
•

In 1972, UCLA conducted a second series of crash tests, the Series II tests. The
second series of tests involved two types of collisions, a head-on and a side impact (90").
The school bus seat types, safety restraints, anthropomorphic testing devices (ATO), and
data gathering procedures were similar to those of the Series I tests. However, in
addition to the similarities to the Series I tests, a rearward-facing seat without a lap-belt
and a seat positioned sideways were evaluated as well. Based on the accumulated
evidence, the UCLA researchers concluded, "For buses provided with safety seats having
a performance profile comparable to the UCLA design, seat belts pap-belts) will contribute
a significant measure of safety, especially during severe upset collision exposures.'15
It is important to note that the Series I and Series II UCLA tests were conducted many
years prior to the issuance of FMVSS 220, 221, and 222.
In 1985, Thomas Built Buses, Inc., conducted three crash impact tests: a frontal
impact into a fixed barrier, a right-side impact by a moving barrier, and a left-side impact
by a moving barrier. Based on the results of the crash impact tests, the Thomas Built
research group concluded that •compartmentalization" perfonns as It was designed in
frontal and side impacts. They also found that in the case of the side impacts, very little
difference exists between the restrained and unrestrained ATDs relating to severity of
head and chest injuries. ' 6
In 1978, NHTSA conducted a sled test program to evaluate the restraint
performance of various production school bus seats designed to satisfy the requirements

" Severy et al. 1967. School Bus Paswiger Protection. Institute of Transportation and Traffic Engineering,
Univel'$ity of California at Los Angeles, California.
,. Ibid.
IS

fbid.

16

Thomas Built Buses Inc. 1992. Sttu Btlts in School Buses. Information compiled and disseminated by
Thomas Built Buses, Inc.
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of FMVSS 222. 17 They concluded that the use of lap-belts did not reduce peak head
accelerations but, in fact, actually caused an increase in them. They attributed these
higher head accelerations to the fact that the contact point for the ATO's head is moved
Also, the results indicated that
upward as a result of using the lap-belt.
"compartmentalization" worked as intended and that there were no additional benefits that
could be derived by using lap-belts.

Alternative Seat and Restraint Systems
To further investigate the issue of alternative seat and restraint systems for school
buses, Transport Canada conducted a battery of tests that utilized five alternative seat
types, each of which incorporated a restraint system.18 The tests evidenced that
contoured padded and less aggressive seats with lap-belts are not the panacea to
increasing occupant safety. With respect to three-point restraint systems, the Transport
Canada team concluded that they possess the necessary potential to increase occupant
safety but that additional consideration must be given to testing and design before they
can become a viable alternative school bus occupant safety option. However, the test
results revealed that rearward-facing seats with lap-belts can significantly augment school
bus occupant safety. The Transport Canada team stressed that continued research is
required if rearward-facing seats are to become standard equipment on Canadian school
buses.
Uke their Transport Canada counterparts, the 1967 UCLA researchers also
investigated the effectiveness of numerous alternative restraint systems and a single
alternative seat system in conjunction with testing the effectiveness of lap-belts.
Conclusions similar to Transport Canada regarding three-point restraint systems were
reached by the UCLA team. UCLA test results also established that restraint bars, gatebar lap restraints, armrests, airbags, and airseats do not have the capability to offer
increased protection to school bus occupants.
Collectively, the body of literature reviewed in compiling portions of this report
provided contradictory and conflicting evidence regarding the effectiveness of safety

" Bayer, A.R. 1978. School Bus Passenger Sea/ and lAp Belt Sled Tests. National Highway Traffic Safety
Administration, U.S. Depanment of Transportation, Washington, D.C.
"Farr, G.N. l 9&1.School Bus Seat De>•elopmmt Study. Traffic Safety and Standards and Research, Transport

canada, Ottawa, Ontario, Canada.
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restraints in large school buses and raised the possibility that safety restraint use might
result in harmful epidemiological consequences to school bus occupants in certain
accident types. Moreover, the studies reviewed within this report have been criticized on
several occasions regarding their methodological soundness and the relevance of test
results inferred (UCLA Series I and II tests) prior to the issuance of FMVSS 220, 221, and
2221n April 19n. Hence, a definitive conclusion regarding safety restraint use could not
be reached based on the body of evidence reviewed. For further explanation, detailed
information regarding these studies is provided in Chapters Ill, IV, and V of the report.

Safety Cost-Benent Analysis
Even if the conclusion were reached that safety restraints are beneficial in terms
of their ability to mitigate fatalities and injuries to school bus occupants, their installation
and the installation of other safety investment options such as crossing control arms and
external loud speaker systems in large Aorida school buses must involve weighing the
costs against the overall potential benefits in absolute terms, i.e., a quantifiable number
of lives preserved and injuries prevented or lessened by the installation of each safety
investment option.
While the concept of placing a dollar value on the life of a child remains distasteful
to most of the general public, current fiscal reality mandates that numerous public
services and investments ranging from roadway safety improvements, police and fire
protection, and large school bus occupant safety involve an implicit financial tradeoff
between spending and the benefits to be garnered. Thus, it is requisite to determine the
relative worth ·of each safety investment option by calculating a quantifiable number of
lives saved and injuries prevented for a specified capital outlay and unit of time.
This effort analyzed nine different safety investment options for large Aorida school
buses in order to determine a quantifiable number of fatalities and injuries that might be
reduced in an average year in Florida for an annual capital outlay of $1,000,000 per safety
investment option. The safety investment options evaluated in the safety cost-benefit
analysis (CBA) include:
•
•
•
•

Lap-belts
Lap/shoulder belts (three-point restraints)
Lap/dual shoulder belts (multiple-point or four-point restraints)
Higher seat-backs ("New York" seats)
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•
•
•
•
•

Adult school bus monitors
Electrically operated crossing control arms
Dual stop signal arms
External loud speaker systems
Rearward-facing seats with a lap-belt

The installation cost estimates for the nine safety investment options investigated
in this report are only for newly purchased large school buses. The cost to retrofit large
Florida school buses with the nine safety investment options was not explored. This is
due, in part, to the considerable structural modifications required to properly retrofit lapbelts and to install upper torso restraint systems (three-point and four-point safety restraint
systems) in large school buses. With regard to upper torso restraints, the aisle and
center seating positions of a school bus seat are not practical anchorage locations for
upper torso belts (three-point and four-point restraint systems) other than the seat-back
itself. Since FMVSS 222 places the maximum allowable strength of the seat-back at 16
inches above the seating reference point (SAP) to 2,400 pounds, it would be impossible
for this same seat-back to provide an upper torso belt anchorage point approximately 20
to 22 inches above the SRP capable of withstanding 3,000 pounds of force without
extensive deformation of the seat-back. Extensive seat-back deformation under toad
would drastically diminish the occupant protection upper torso belts are intended to
provide to school bus occupants.
The results of the CBA indicate that higher seat-backs are the safety investment
option that could offer the most benefits in terms of fatalities prevented and injuries
reduced to Florida school bus occupants. They have the potential to prevent up to 0.3
fatalities, 7 incapacitating injuries, 42 nonincapacitating injuries, and 104 possible injuries
for an annual investment of $650,000. In addition, higher seat-backs are also highly cost
effective; as mentioned above, for a annual capital expenditure of only $650,000, all
23,444 large school buses (public and private) operating in Aorida can be equipped with
these devices. The annual fatality and injury reduction results for the nine safety
investment options are summarized in Table 1.

ix

Table 1
Summary of Annual Fatality and lniiiJrV Reduction for
Each
Investment
$1
Annual Investment

•

The highec seat-back fatality and inju1'y reduction estimates 111 based on an annual expenditure of
only $650,CXXI as opposed to the $1,000,000 (35,432 buses can be equipped for this a nnUli
inVMtmtnt - 12,988 more than the total number of latge school buses in operation} per yeat
expenditure for the 01hec eight safety lt'!'Yestmen1 options. To ahow the fatality and inju.ry reduction
tttimate:a b&Md on an annual expenditure of $1,000,000 would be unrepceaentative of their potential
effect on fatality and injury r~uotion to Florida school btl$ occupants..

Note: this annual dollar

amount ($650,000) ia not reflective of the cost to retrofit existing large tM.ISH with higher seat.-badrs.
but 10 spedfy them as standard equipment when ordeting new schOOl busts, .

Descriptive Analysis of Florida School Bus Accldents
The descriptive analysis of Florida school bus accident data is based on the
supposition that impact mode (I.e., direction of impact) is directly related to the severity
of injury sustained by Florida school bus occupants. To determine the potential
•
effectiveness of safety restraints in large Florida school buses, two objectives were
defined: (1) determine the frequency and distribution of accidents by four primary impact
modes (frontal, rear-end, side, and rollovers) ; and (2) determine occupant injury severity
by. the same four impact modes.
The descriptive analysis of Florida school bus accident data does not provide
convincing evidence that safety restraints are needed in large Florida school buses.
Rather, the considerable number of Florida school bus occupants that were either
uninjured or received minor or moderate injuries (44,220) simply reiterates that large
Florida school buses are a safe mode of transportation. Moreover, based upon an
extensive review of the accident reports, the availability of safety restraints to those Florida
school bus occupants who were fatally injured was rendered moot, since the nine fatalities
most likely would have occurred even if the school bus occupants had been held in place
by a safety restraint. The fact that only 9 (0.02%) fatalities (five of the fatalities were the

X

result of a single accident - see review of Florida Traffic Accident Report #091952564 on
page 117 of this report) and 202 (0.45%) incapacitating injuries were sustained by the
44,438 Aorida school bus occupants involved in the 4,732 school bus accidents reported
in the statewide accident database for the years 1986 through 1991 substantiates the
effectiveness of the safety investment options already available on large Florida school
buses and the reality that serious accidents involving school buses In Florida are
infrequent.

Conclusions and Recommendations tor Further Research
Based upon an extensive review of pertinent literature, the results of the safety
cost-benefit analysis, and the results of the descriptive analysis of Aorida school bus
accident data, numerous conclusions were reached. These include the following:
•

No conclusive evidence exists pertaining to the effectiveness of safety restraints
(lap-belts, lap\shoulder belts, and lap\dual shoulder belts) in large school buses,
and the available research has not demonstrated a clear differentiation or
superiority in the fatality and injury reduction potential between the three safety
restraint types.

•

The marginal improvement in safety to Aorida school bus occupants associated
with the use of the three safety restraint types results in their falling outside of the
range of cost effectiveness that would provide a compelling basis for an investment
recommendation.

•

The results of the safety cost-benefit analysis indicate that higher seat-backs ("New
York" seats) offer the greatest potential to prevent fatalities and reduce the injuries
sustained by Florida school bus occupants per dollar invested; all 23,444 large
Florida school buses can be equipped with these devices for an annual capital
outlay of only $650,000 (It should be noted that this dollar amount is not reflective
of the cost to retrofit existing large buses with higher seat-backs, but to specify
them as standard equipment when ordering a new school bus).

•

To identify the possible problems associated with the installation and use of higher
seat-backs ("New York" seats) in large Florida school buses before any decision
is made to legislatively mandate the installation of these devices, furthe~
investigation is recommended. This may include sled or crash testing, a
xi

demonstration project or isolated case study (Dade County, Florida, currently
operates several buses with higher seat-backs), and the administration of
comprehensive surveys to school districts and pertinent personnel in the states of
111inois, New York, and New Jersey (to date, the only states known to require 24inch high seat-backs as measured from the SAP) to acquire relevant information
regarding their operational experiences with these safety devices.
•

The lack of empirical evidence pertaining to the effectiveness of safety restraints
in large school buses emphasizes the important need for a comprehensive study
to compare the fatality and injury rates among belted and unbelted school bus
occupants to decisively determi(le their safety potential. The school districts and
states that currently require safety restraint (lap-belts) installation and use provide
an opportunity to collect, analyze, and compare the severity of injuries sustained
by belted and unbelted school bus occupants. The compilation of these data over
a multi-year period and the resulting empirical analysis may provide insight into the
effectiveness of safety restraints Oap-belts) in large school buses.

•

Comprehensive surveys should be administered to school districts and states that
currently require the installation of safety restraints in large school buses to acquire
data regarding their operational experiences with these devices, i.e., the issue of
liability, seat belt use/compliance, maintenance costs, vandalism of belts, influence
of safety restraints on student conduct, and other information.
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FOREWORD

The Center for Urban Transportation Research (CUTR), at the request of the Florida
House of Representatives, conducted a study that investigated the potential benefits that
may be realized by the use of safety restraints in large Florida school buses. The results
of this detailed study are provided in this report.
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Chapter I

INTRODUCTION, GOALS, AND PROJECT FRAMEWORK

Safety restraint use has long been considered an effective means of reducing
fatalities and injuries on U.S. highways. Safety restraints were first introduced in the late
19th century to prevent horse-drawn buggy occupants from being ejected out of their
seats on rough roads. As a result of the United States Air Force's research program on
automobile crashes in the mid-1950's, several car manufacturers began offering safety
restraints as optional equipment In passenger cars. By 1964, all car manufacturers, either
voluntarily or as a direct result of compliance with state legislation, installed safety
restraints in the front seat as standard equipment in passenger cars. By 1966 about 30
states had laws requiring front safety restraints in all automobiles sold in their states.
Even after safety restraints be9ame available to all persons who purchased new
automobiles, however, relatively few embraced the idea of "buckling up."
In July 1983, Florida, following the lead of other states, enacted child restraint
legislation that made it a violation of the law not to have children under 6 years of age
restrained with safety restraints or children under 4 years of age secured in child seats
when traveling in an automobile. On July 1, 1986, Florida extended this requirement to
the general public with the enactment of legislation mandating safety restraint usage by
all automobile and pick-up truck drivers and front seat occupants. According to the
National Highway Traffic Safety Administration (NHTSA), 42 states plus Washington D.C.,
Puerto Rico, and the territories currently have some form of safety belt use law in effect.
As a result of mandatory safety restraint usage laws, the General Accounting Office
reports that their use has increased from 11 percent in 1982 to 50 percent in early 1991.
For the last 25 years, more than 40,000 people annually have died as a result of
traffic crashes in the U.S. Although airline crashes and train wrecks receive more media
attention, the number of fatalities on the highways greatly exceeds those sustained in all
other modes of transportation combined. Data compiled by the National Center for
Statistics and Analysis (NCSA) reveals that in the U.S. in 1991:
6.1 million traffic accidents occurred, a rate of 1 every 5 seconds;
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•
•

severe or fatal injuries occurred at a rate of 1 every 88 seconds, down from 1990;
minor or moderate injuries occurred at a rate of 1 every 19 seconds.

NHTSA estimates that nearly half of all traffic fatalities could be prevented annually
if all front seat occupants wore safety restraints. Also, NHTSA estimates that between
1983 and 1990 safety restraints saved nearly 25,000 lives and prevented about 650,000
moderate to critical injuries.
The ability of safety restraints to completely eliminate or to drastically reduce
fatalities and serious injuries to occupants when accidents occur has been recognized,
resulting in the mandatory use of safety restraints in passenger cars in all but eight states.
Although safety restraints in automobiles have proven to be very effective life-saving and
injury-mitigating devices, their use in other vehicles, such as heavy trucks and large
school buses, is still not mandated by law. Currently, no·states require safety belt usage
in heavy trucks or urban transit buses. A few states, as well as several school districts
around the country, have legislation mandating the installation and use of safety restraints
in large school buses (those buses having a gross vehicle weight greater than 10,000
lbs.). If safety restraints have proven themselves to be very effective in mitigating the
number of serious injuries and fatalities in passenger cars, where effectiveness estimates
range from 29-88 percent', why has their use not been more prevalent in school buses?
Controversy exists regarding just how effective safety restraints and mandatory safety belt
use laws would be in reducing fatalities and incapacitating injuries to school bus
occupants. The debate is rather heated, and both sides of the controversial issue make
strong cases in support of their convictions.
Proponents of safety restraints in large school buses concede that
compartmentalization2 is effective at reducing fatalities and injuries, but argue that when
combined with safety restraint use, fatality and injury rates could be reduced even further.
Proponents contend as well that requiring safety restraints in school buses will reinforce

1

General Aca>unting Office. !992.Safezy Bdt Use Laws SaW! Lives and Reduce Costs to Saciezy. ResoW<:es,
Community, and Economic Development Division, Washington, D.C.
Companmental!zation, as set forth in Federal Motor Vehicle S.Uety Standard 222,requires that seats must
be spaced no more than 24 inches apan as measured from the seating reference point (point a1 which the human
torso and thigh pivot) and seat-back beight must be a minimum of 20 inches to the top of the se:u-back as
measured from the seating reference point. Also, limitations are placed on the amount of seat·back deflection
both forward and backward. By adhering to these specific:uions, a companment is created which is intended
to restrain the sebool bus OCC\lpant thereby limiting the severity of injuries in the event of an accident.
l
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the habit of young children "buckling up" when they ride with their parents and, as a
consequence, safety restraint usage wiU "carry over" into adulthood. Also, safety restraint
use will improve occupant behavior and decrease driver distractions, translating into
possible avoidance of accidents. Lastly, proponents argue that the cost of installing
safety restraints Qap-belts) is minimal, no more than $1,000 to $1,500 per large school
bus.
Opponents of safety restraints in large school buses express concerns about the
ability of safety restraints to improve school bus occupant safety. They argue that large
school buses, because of their size, distinct color, well-known routes, governed operating
speed, and unique safety design features, are inherently safer than automobiles and,
consequently, do not need safety restraints to Improve occupant safety. They also
contend that, in the case of serious accidents, safety restraints may increase the
likelihood of injury and can imperil school bus occupants in accidents involving fire and
rollovers. Also, the argument has been made that if school bus drivers do not insist that
children wear the safety restraints, the potential "canyover" effect will be lost and could
cause the children to "carryover" the message that they do not have to wear safety
restraints in other forms of surtace transportation. Lastly, opponents are critical of the
cost effectiveness of safety restraints, arguing that the funds that would be utilized for
safety restraints would be better spent on other, more effective safety options such as
higher seat-backs, crossing control arms, and adult monitors.
Objectives, Scope, and Methodology

The Center for Urban Transportation Research (CUTR), at the request of the
Aorida Legislature and as part of its mission to 'bring together the benefits of education
and research to meet our changing transportation needs," conducted a study that
investigated the merits of safety restraints in large Aorida school buses.
To address this objective, existing relevant literature was reviewed and evaluated
to draw conclusions that could be reasonably inferred from the accumulated evidence.
Some studies had methodological limitations, missing data, or large margins of error.
This Information was collected from federal and state government agencies, university
research institutes, professional societies, and school bus manufacturers.
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In addition to reviewing existing relevant literature, a safety cost-benefit analysis
was performed utilizing Florida school bus accldent data for the years 1986 through 1991.
Also, a descriptive analysis utilizing the same Florida school bus accident data was
conducted to determine the number and frequency of school bus accidents and the
severity of injuries to school bus occupants in Rorida.
Project Overview and Framework
The study was conducted in two phases. In Phase I, a comprehensive literature
review was performed to more fully understand the myriad issues associated with school
bus safety. Based on the substantial evidence accumulated in Phase I, Phase II was
expanded into two components: Phase lla and Phase lib.
Phase I resulted in the completion of the first six chapters of this report. Chapter
I consists of the report's objectives, scope, and methodology as well as a profile of the
project's framework. In addition, the viewpoints of opponents and proponents alike
regarding the issue of safety restraints in large school buses are presented. Chapter II
discusses the safety record of school buses in Florida compared to the nation, as well
as all Federal Motor Vehicle Safety Standards that are applicable to school buses. A
review of two school bus accident investigations is presented in Chapter Ill. Analysis of
these types of data is worthwhile in providing insight into accident circumstances, i.e.,
impact mode, in which safety restraints may have intensified or mitigated injuries to school
bus occupants. Three school bus crash tests and a single sled crash test were reviewed.
They were conducted by U.S. and Canadian agencies, school bus manufacturers, and
university research centers for the express purpose of testing various safety restraint
designs, seating designs, and other safety investment options for large school buses and
are presented in Chapter IV. Safety restraints, primarily lap-belts, are not the only type
of occupant restraint systems that can be installed in school buses. Other alternative seat
and restraint systems can provide a viable safety alternative to the standard lap-belt, and
they are discussed in Chapter V. Published opinions of medical experts, education
transportation administrators, school bus manufacturers, safety experts, and insurance
experts were taken into account as were related issues such as the educational benefits
of safety restraints and their impact on student conduct and are discussed in Chapter VI.
Phase lla includes the remaining chapters of the report; Chapters VII, VIII, and IX.
Chapter VII contains the results of a safety cost-benefit analysis. The safety cost-benefit
analysis calculated, for a specific capital expenditure, the annual quantifiable benefits in
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absolute terms (potential prevention offatalities and reduction of injuries) associated with
the use of nine different school bus safety investment options. Chapter VIII provides a
descriptive analysis of Florida school bus accident data to determine if there is a benefit,
based on the severity and frequency of injuries and accidents, for requiring safety restraint
installation in large Florida school buses. The final section, Chapter IX, is devoted to
conclusions and recommendations for further research.
Based on the recommendations at the end of Phase lla, it is yet to be determined
if CUTR should proceed with Phase lib. If the recommendation is to proceed, it is
anticipated that the following might be among those to be addressed:

•
•

•

•
•

•

determine the safety potential and feasibility of higher seat-backs and/or
rearward-facing seats with and without lap-belts
collection of school bus accident data
legislative and policy issues analysis
financial plan for selected implementation strategies
technical issues analysis
information dissemination strategies
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Chapter II

THE SAFETY RECORD OF SCHOOL BUSES

An analysis of the crash performance of large school buses in 1987 led the
National Transportation Safety Board (NTSB) to condude that "Poststandard' large
school buses are an extremely safe form of transportation when compared to other
modes of transportation... This statement is supported by 1986 data compiled by the

Transportation Research Board committee that investigated school bus safety pertaining
to national occupant fatality and fatality rates by vehicle type, as summarized in Table 2.
In 1986, as Table 2 makes clear, passenger cars had a fatality rate of 1.9 and
motorcycles had a fatality rate of 48.4 per 100 million vehide miles of travel. In contrast,
school buses had a fatality rate of 0.5 per 100 million vehicle miles traveled, statistically
making them four times safer than passenger cars and 97 times safer than motorcycles.
Regardless of the methodology, school bus fatality statistics, when weighed against
fatality statistics for all other forms of surface transportation, always support NTSB's
deduction that school buses are an extremely safe form of transportation. For
comparative purposes, Table 3 provides a breakdown by selected states of the number
of pupils injured per 100 million miles of pupil travel. Table 3lllustrates that only 1.148
pupils wer~ ·injured in Florida per 100 million pupil miles traveled in 1989-1990.

Tabla 2
Occupant Fatalities and Fatality Rates In the U.S. by Vehicle Type tor 1986
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1

Poststandard refers to school buses manufactured for sale in the U.S. after the implementation of FMVSS
220,221, and 222.
'National Transponation Safety Board. 1987. Safety Study • Crashworthiness of Large Poststandard School
Busts. Bureau of Safety Programs. Washington, D.C.
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Table 3
Pupils Injured per 100 Million Pupil Miles Traveled, 1989-1990:
A Comparison of States
lf"'""""::===i~~~~

Soutee: National Safety CounQI. 1991 . Accidtmt FBCts, 1991 Edition. Chicago, l linoia.

8

•

In two studies, Gutoskie reports that in Canada for the period 1982 through 1985
•motor vehicle occupants were approximately 16 times more likely than school bus
occupants to be injured in road accidents per passenger kilometer of travel,"3 and Farr
concluded that ·a student is 8 times more liable to be injured while travelling to or from
school in a vehicle other than a school bus. "4 In an analysis of California accident data,
Ursell deduced that "school buses without seat belts are 16.2 times more safe than
automobiles. "5
The exemplary safety record of school buses in Aorida (only 9 fatalities and 202
incapacitating injuries were recorded for the period 1986·1991 for school bus occupants
in 4,732 accidents involving school buses), however, should not rule out future school bus
safety improvements. Accidents involving school buses in Aorida continue to occur, and
as long as one child is fatally or seriously injured, the pursuit of increased safety must be
a constant process.
Background and Current Status of School Bus Safety Standards

In 1964, Congress instructed the General Services Administration (GSA) to develop
minimum safety standards for automobiles procured by the federal government. Among
the first standards developed by GSA were performance requirements for the
strengthening of safety restraints and anchorage points.
The National Traffic and Motor Vehicle Safety Act of 1966 (the Act), as amended,
directed that federal motor vehicle safety standards (FMVSS) be developed for new motor
vehicles (including school buses) manufactured for sale in the U.S. The first standards
issued under the auspices of the Act by the National Highway Safety Bureau, now the
National Highway Traffic Safety Administration (NHTSA), used the GSA standards as
building blocks. These standards mandated the installation of a lap/shoulder-belt
combination in both front driver and passenger outboard seating positions and lap-belts

'Gutoskie, P.A. 1986.An AMiysis of Canadian School Bus Accident Records /982-IJ3 • 1984-85. Transport
Canada, Ouawa, Ontario, Canada.
• Farr, G.N. 1985. Sclwol Bus Safety Study· Volunu! /.Traffic Safety Standards and Research. Transport
Canada, Ottawa, Ontario, Canada.
' Urcell, C.R. 1977. A Study Re/aring to Star Belts for Use in Buses. Southwest Research Institute, San
Antonio, Texas.
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only for all other seating positions, as well as required minimum strength specifications
for safety restraints and anchorage points.
In 1974, Congress amended the Act (Public Law 93-492) and directed NHTSA to
develop minimum safety standards to increase the safety of specific facets of school
buses manufactured for sale in the U.S. These included:
•

•
•

•
•

•
•

•

emergency exits
interior protection for occupants
floor strength
seating systems
crashworthiness of body and frame
vehicle operating systems
windows and windshields
fuel systems

Presently, there are a total of 33 FMVSS issued by NHTSA that are binding on
school bus manufacturers and carry the penalty of law. They are classified into three
major subgroups: ·
•
•

•

crash avoidance
crashworthiness
post-collision protection

These standards cover a wide range of safety measures relating to improved
vehicle safety including windshield wiping and defrosting systems, hydraulic brake
systems, rearview mirrors, brake hoses, air brake systems, hood latches, headlamp
concealment devices, and accelerator control systems, among many others. A complete
listing of all 33 FMVSS that apply to school buses is provided in Table 48 in Appendix A.

Of the 33 existing FMVSS that apply to school buses, three were developed by
NHTSA that pertain specifically to school buses: FMVSS 220 (rollover protection); FMVSS
221 (body and joint strength}; and FMVSS 222 (occupant seating and crash protection).
They were first published in The Federal Register from February through October 1975,
in response to the Congressional mandate of the Motor Vehicle and School Bus Safety
Amendments of 1974. The effective date as revised for the three new standards was April
1, 19n. These school bus standards were developed with the common goal of reducing
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the number of deaths and the severity of injuries that may occur during and following a
school bus accident. Accordingly, school buses manufactured for sale in the U.S. after
April 1, 1977, were required to comply with the following requirements of these safety
standards:
FMVSS 220, School Bus Rollover Protection (49 CFR 571 .220)
• specifies performance requirements for the structural integrity
of the passenger compartment of school buses when
subjected to forces that may be encountered in rollover"
crashes. Specifically, when a force equal to 1~ times the
unloaded weight of the school bus is applied to the roof of the
school bus's body structure through a force application plate,
the downward vertical movement at any point on the force
application plate must not exceed 5Va inches. In addition, each
emergency exit must be capable of opening during the full
application of the force and after release of the force, except
that an emergency exit located In the roof of the school bus is
not required to be capable of opening during the application of
the force. FMVSS 220 applies to all school buses (Types A, B,
C, and D).
FMVSS 221 , School Bus Body Joint Strength (49 CFR 571.221)
- requires interior and exterior body panel joints to prevent or
reduce panel separation in a crash. Specifically, each body
panel joint shall be capable of holding the body panel to the
member to which it is joined when subjected to a force of 60
percent of the tensile strength of the weakest joined body
panel. FMVSS 221 applies only to large school buses, those
with gross vehicle weight ratings greater than 10,000 lbs.
FMVSS 222, School Bus Seating and Crash Protection (49
CFR 571.222) - sets occupant protection standards for
passengers and establishes passive barriers to prevent or
reduce injuries from the impact of school bus occupants
against structures within the vehicle during crashes and
sudden driving maneuvers. Specifically, the following
requirements must be met: seats must not be spaced less
11

than 20 inches apart and no more than 24 inches apart; seats
must be forward-facing; seat-back height must be at least 20
inches; seat-back width must be at least 90 percent of the
bench width; seat-back deflection must not exceed 14 inches
or not deflect within 4 inches of another passenger or
restraining barrier; the seat must not separate from the vehicle
at any attachment point; the seat components must not
separate from the seat at any attachment point under a
specified rearward force; the seat must not deflect to within 8
inches of any part of another passenger seat; and, if the rear
surface of another seat is not within 20 inches forward of any
seating reference point, a restraining barrier within 20 inches
of the reference point must be provided. Large school buses
must meet all the requirements of FMVSS 222; however, Type
A school buses, those with a gross vehicle weight less than
10,000 lbs., must meet all the specified requirements except
the 20 inch maximum distance between the seating reference
point and seat-back or passive barrier in front of it.
Collectively, the requirements of FMVSS 222 form the basis of the concept known
as "compartmentalization"; that is, they created a compartment that is intended to contain
an occupant during and following a school bus collision. Compartmentalization, like an
airbag, is considered passive protection because no action is required by an occupant
to acquire protection. Passive protection is provided by the high-backed padded seats
and their specified spacing.
In addition to issuing three new safety standards that specifically relate to school
bus occupant safety, FMVSS 105 (hydraulic brake systems), FMVSS 111 (rearview
mirrors), FMVSS 217 (bus window retention and release), and FMVSS 301 (fuel system
integrity) were amended concurrently with the issuance of FMVSS 220, 221, and 222 to
further increase school bus occupant safety.
As noted, each of the federal motor vehicle safety standards focuses on an
important aspect of school bus occupant safety and is intended only as a minimum safety
requirement. State and local governments and school districts may, if they see fit,
improve upon the minimum standards by specifying additional safety equipment when
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they initially order or retrofit their school buses. NHTSA policy specifically states, "Nothing
proh.ibits a State or l.ocal jurisdiction from purchasing buses equipped with safety belts.''6
In addition to safety restraints, improvements may include a wide array of safety options
such as external loud speaker systems, stop signal arms, roof escape hatches, crossing
control arms, higher seat-backs, etc.

Effectiveness of FMVSS 222
In 1980, Northrop et al. conducted a study for The Center for Environment and
Man, Inc., that investigated the effectiveness of FMVSS 222. 7 From the analysis of
school bus accident data, Northrop et al. concluded that if (pre-April 1, 1977) school
buses met the standards set forth in FMVSS 222, in nonfatal school bus accidents "65
percent of the Injured passengers would receive no injury,"8 and "4 percent of the more
severely injured passengers will have their injuries reduced at least one OAIS (overall
abbreviated injury scale]level."9 Moreover, Northrop et al. concluded that in fatal school
bus accidents "17 percent of the fatal and injured passengers will receive no injury"10
and "29 percent of the fatal and injured passengers will have their injuries reduced at least
one OAIS level (includes those reduced to No Injury)."" Northrop et al. therefore
concluded:
[S)eat-back padding, higher seat-backs, closer seats, stronger
seat floor supports and seat frames, and the other
requirements of FMVSS 222 are probably very effective (about
69 percent injury reduction) in the vast majority of school bus
accidents, which usually involve minor damage to the bus, with
at most a few passengers injured at the level of OAIS 1 or 2
[minor or moderate]. In the few violent school bus accidents

' NHTSA. !985. op ci1.
'Northrop e1 al. 1980.SralistiC41Eva/uarion oftht E/fteliveness of Ftdtral Moror Vehicle Saj.ryS1andard 222:
School Bus Passenger Staling and Crash Proreclion. U.S. Depanment of Transponation, Washington, D.C.

' Ibid.
'Ibid.
'

0

II

Ibid.
Ibid.
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that produce fatalities, FMVSS 222 has lower effectiveness about 29 percent injury reduction. The Standard [FMVSS 222]
has only limited effectiveness in...accidents involving rollover,
crashes with trains, etc., where passengers are thrown into
contact with each other and/or forcibly come into contact with
broken glass, walls, roof, and other interior objects (which are
not covered by the standard), or are ejected from the bus."12
From the evidence of its evaluation, the Transportation Research Board committee
that investigated school bus safety concluded that • ...the three school bus standards
issued in 19n (FMVSS 220, 221 , and 222) have been highly effective in reducing school
bus passenger in]uries."13
Off-board Fatalities and Injuries

The authors of this repcrt are acutely aware of the fact that a large number of
fatalities in school bus related accldents do not happen on-board the school bus. They
occur off-board before, during, and after the loading or unloading of the school bus. The
literature identifies three types of accidents that happen in the school bus loading and
unloading zones:

02

•

pupils are struck by a vehicle passing the stopped school bus in violation
of the school bus stop law

•

pupils are struck by the school bus itself

•

pupils are struck by a vehicle when the school bus is not in the vicinity at
the time of the accident

Ibid.

" Transponation Research Board. 1989. /mproving School Bus Safety. Special Repon No. 222. National
Research Council. Washington. D.C.
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The National School Bus Loading and Unloading Survey completed annually by the
Kansas Department of Transportation (K·DOn documents these totals. The survey is an
accumulation of fatality records gathered from all 50 states and the District of Columbia
that specifically address only the fatality accidents that involved school children in and
around the loading or unloading areas of the school bus. On-board fatalities were
omitted, as were pedestrian fatalities that occurred when the school bus was determined
not to be in the vicinity of the accident at the time the accident occurred, as illustrated
Figure 1 and Figure 2.

Figure 1
Position of Child When SINck by
School Bua (oll·board U.S. totals), 1984-1989

Figure 2
Children Killed by School Bus and
Other Vehicle (oll·board U.S. totals), 1984-1989
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The scope of this research project focuses only on those issues associated with
safety on-board large school buses and not on developing programs and safety devices
to protect children in the loading and unloading zones. Due to the disproportionate
number of student fatalities and injuries that occur off-board the school bus, closer review
and study should be given to the school bus unloading and loading zones in an attempt
to further enhance the safety of Florida school children.
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Chapter Ill

REVIEW OF SCHOOL BUS ACCIDENT DATA

The number of accidents involving school buses and the resulting injuries to school
bus occupants as a proportion of all motor vehicle accidents in any given year is small.
Nationwide, approximately 100 school bus occupants (drivers, non-pupils, and pupils) are
fatally injured in school bus-related accidents each year out of the nearly 50,000 persons
who are killed annually on America's highways. However, because a high percentage of
the casualties are children, school bus accidents of any nature evoke public concern
regarding the safety of school buses.
Because of the significance of even one child being fatally injured, school bus
accidents are a subject worthy of investigation. Findings regarding these accidents can
be used to develop a better understanding of the effectiveness of safety restraints as well
as other safety investment options for reducing the occurrence of death or injury to
school bus occupants. Recognizing the need and importance of studying school bus
accidents, the National Transportation Safety Board (NTSB) and the Texas Transportation
Institute (lTI) each conducted comprehensive studies of real-world school bus accidents.

., . .
These analyses of •real world" school bus accidents have been performed to
evaluate the effectiveness, or potential effectiveness, of safety restraints. The remainder
of this chapter is devoted to presenting and discussing the results and conclusions of
these two studies. Before moving forward into a lengthy discussion of the features and
conclusions of these two studies, a brief synopsis of the injury scales commonly used to
categorize school bus occupant injuries is provided to acquaint the reader with the
subtleties of the injury coding schemes referred to in this section and throughout the
ensuing chapters of this report.
INJURY CLASSIFICATION SCALES

Two standard methods for classifying the severity of injuries to school bus
occupants, as well as all injuries resu~ing from other motor vehicle accidents, have been
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identified In the literature: the American National Standards Institute (ANSI) 1 scale and
the Multiple Abbreviated Injury Scale (MAIS) 2 • The major characteristics of both injury
classification scales are discussed in the succeeding pages.
ANSI Injury Classification Scale

The ANSI scheme codifies three levels of non-fatal injuries. They are listed in order
of decreasing injury severity and are summarized in Table 4.

Table 4
Description of ANSI Injury Severlty Code

In Special Report 22~. the TAB Committee investigating school bus safety
stressed three areas of possible contention that should be considered before the ANSI
scale can be used for classifying injuries sustained by school bus occupants. They are
as follows:

'

National Safety Council. 1984. MQ/Iual On Classification of Motor Vthiclt Traffic Accidtnts. Chicago,

Dlinois.

.

1

Committee on Injury Scaling: Abbreviated Injury Scale, 1985 Revision. American Association for
Automotive Medicine. Arlington Heights, Illinois.
' Transponation Research Board. 1989. Improving School Bus Safety. Special Repon No. 222. National
Research Council, WashinSton D.C.
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•

Not all states use the ANSI scale. For example, the state of California
codifies accidents into three categories; A - severe, B - moderate, and C complaint of pain.

•

There is not definitive proof that the reporting police officers applied the
scale correctly when determining accident severity.

•

The scale is limited because it is divided into only three categories of injury
severity.

Multiple Abbreviated Injury Scale (MAIS)

The MAIS was first published In 1971 under joint sponsorship of the American
Medical Association, the American Association for Automotive Medicine, and the Society
of Automotive Engineers. It came into widespread use by crash investigators with the
publication of the MAIS manual in 1976. The MAIS scale is used to rate each injury a
victim receives in terms of its potential to result in death. For example, an MAIS of 1
represents minor injuries such as bruises and abrasions whereas 6 is a fatal injury. The
MAIS injury severity scale is summarized in Table 5.
TTl SCHOOL BUS ACCIDENT INVESTIGATION STUDY

In 1986, Hatfield and Womack reviewed Texas school bus accident data for the
ten-year period 1975 through 1984. The data were gathered from Texas police accident
reports. During this ten-year period, 12,669 accidents that involved school buses resulted
in 19 fatalities (on-board), 160 incapacitating injuries {A Level), and 1,648
nonincapacltating injuries (B Level). An additional 2,356 possible injuries (C Level) were
recorded for school bus occupants during this period. A total of 8,516 accidents resulted
In property damage only to the school bus. Figure 3 provides a graphic depiction of the
injuries sustained in all the school bus accidents reported for the ten-year period in Texas.
The ANSI severity scale was used for codifying the severity of injuries sustained by school
bus occupants. The ANSI coding system was applied as defined in the Texas
Department of Public Safety coding manual.
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Table 5
Description of Muhlple Abbreviated Injury Scale (MAIS)

less than

6

Maximum injury, imm<diatdy fatal

9

Unknown if injured

Torso transection,
crush with total transtaion code-3 or above.
crushed brain stem, deazpilation, 1114Ssivdy crushed
chest

report StaJtS

cf

~)'e, ususpicion

'br no information

Confronted with a statistically insignificant number of cases involving serious school
bus accidents, Hatfield and Womack divided the analysis of the accident data into
separate phases:
•

case-by-case evaluation of school bus accidents that resulted in fatalities,
and

•

a more general analysis of all school bus accidents that resulted in an injury
to school bus occupants.
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Figure 3
Injuries Sustained by School Bus Occupants
in Texas, 1975-1984

•
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Nonincapacitating

•
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Case Study Results
The case study involved the analysis of 13 school bus accidents that produced the
19 school bus occupant fatalities under investigation. The information was taken directly
from actual police reports filed by the on-scene investigating officers. The cause of death
of the 19 fatalities and whether or not the reporting officers felt, based on accident
circumstances, that safety restraints would have prevented the school bus occupant(s)
from being fatally injured or the severity of their injuries reduced are summarized in
Table 6. The data for Table 6 were obtained from Appendix C of the TTl report.
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Taking into consideration the assertions provided by the on-scene investigating
police officers, as well as their own case-by-case analysis of the accident reports, Hatfield
and Womack suggested that 12 of the 19 fatalities might have been prevented had safety
restraints been available to those who were fatally injured. In addition to the 12 lives that
might have been saved, an add~ional 4 deaths might have been prevented had safety
restraints been available or proper student disciplinary procedures exercised. Hatfield and
Womack state, "While it is true that properly worn seat belts would have eliminated these
injuries [in the 4 deaths], appropriate disciplinary measures would have had the same
effect." 4 In the remaining three cases that involved fatalities, the authors discerned that
the effect of safety restraints, had they been available, could not be determined "based
on the limited data available and the fact that real world collisions are extremely difficult
to evaluate on the basis of laboratory tests or subjective opinions."5
Kyser, in a letter to the Director of the Texas Traffic Safety Section dated March 9,
1987, challenged Hatfield and Womack's suggestion that the presence of safety restraints
would have prevented six of the 19 deaths in two (accidents 5 and 12 in Appendix 0 of
the TTl report) of the 13 accidents that they had investigated.6 On the basis of a
personal on-site inspection of the more serious of the two accidents and personal
communications with those who investigated the other accident in question, plus
examining the physical evidence from this accident, Kyser commented, "There was
absolutely no evidence that could lead one to state that a lap-belt would have lessened
injury or [prevented] death in this [these] accident[s]."7
Hatfield and Womack, in a memorandum dated April 13, 1987, conceded that the
use of police officer synopses of school bus accidents for the distinct purposes of
estimating the effectiveness of safety restraints in reducing school bus occupant fatalities
was marginal at best.8 In addition, the TTl researchers acknowledged that data collected
by Kyser and others would contribute to more valid estimates of the potential

• Hallield, N.J. and K.N. Wonuok. 1986. Saftry Bells on Sclwol Buses: The TtxaS &ptritnct. Texas
Transportation lnstiture, Texas A & M University, College Station, Texas.

'Ibid.
' Transponation Research Board. 1989. op cir.
1 Ibid.

'Ibid.
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effectiveness of safety restraints on large school buses. However, even though Kyser
questioned six of the 12 fatalities !hat the TTl researchers suggested might have been
prevented had safety restraints been available, there were still six other fatalities that
safety restraints may have prevented and four more that may have been prevented by the
presence of safety restraints or by the exercise of appropriate on-board disciplinary
procedures.

Table 6
TTl Fatal Accidents Summary

.

.

SOurce: Hatl~ld , N.J. and K.N. Womack. 1986. ~Stirs on School BusltS: 1M Texas Exptm'ence. Ttxu

Tranaportation

lnsti~.

Ttxu A & M Unlversi1y, College Station, Ttxa.t..
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General Analysis Results
Along with performing a case-by-case analysis of the 13 accidents that resulted in
the 19 fatalities, Hatfield and Womack assessed "accident characteristics and/or injury
patterns which might be related to the seat belt issue in all injury-producing school bus
accidents."~ The 8,516 non-injury school bus accidents (property damage only) were
excluded from this phase of the analysis as were children injured outside of the school
bus. Hatfield and Womack make this point clear:
It should be noted that this subset of the accidents does not
include those cases when a child was injured outside of the
school bus 0.e., as a pedestrian). While pedestrian/school
bus accidents are a serious problem ...they cannot be used as
evidence for or against the installation of seat belts on school
buses. 10
Tables 7 and 8 provide a summary of the findings of the Texas school bus
accident data analysis. In Table 7, the actual number of injuries is categorized by impact
mode for all school buses. Further, in contrast, Table 8 depicts the actual number of
school bus occupants who sustained injuries based on impact mode tor all school buses.
By comparing Tables 7 and 8, one denotes that 46 percent of all fatal injury causing
accidents were accounted for in either side impact or rollover collisions. Moreover, while
rollover accidents represented a small share (6%) of all injury causing school bus
accidents, they accounted for a much higher proportion of all fatal and incapacitating
injuries to school bus occupants, 15 and 18 percent, respectively.

Conclusion
In the case of the TTl study, the effectiveness of safety restraints on school buses
could not be determined due to limitations in the data. However, Hatfield and Womack
reiterated what is already widely known about school buses: they are an extremely safe
form of surface transportation, since only 19 fatalities and 160 incapacitating injuries were
caused in the 12,669 school bus accidents over the ten-year period of study.

'Ibid.
'"Ibid.
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Table 7
Accident Severity Based on Occupant Injury by Impact Mode, Texas, 1975-1984

SOurce: Hatfield, N.J. and K.N. Womack. 1986. Safl1y S.ftt

on SchoOl BuMs: TM

Texas &p!JMnce. Texas

TranaportatiOf'l Institute. Texas A & M Univef'8ity, College Station. Texas.

Table 8
Total Bus Occupant Injuries by Impact Mode, Texas, 1975-1984

Source: Hatfield, N.J. an<1 K.N.. Womack. 1986. S.WI)' S&ltt on School 81/SQ: The Tex.u Eq»r¥nce. Texas
Tranaportation lnatitute, Texas A & M Univtorsity, College Station, Texas.

NATIONAL TRANSPORTATION SAFETY BOARD (NTSB) ST\JDY
In the spring of 1984, NTSB reviewed 43 accidents (44 buses were involved ·two
buses collided with each other in Ft. Myers, Aorida) involving 1, 119 unrestrained
occupants "to evaluate the real-world performance of school buses built to the 19n
Federal school bus standards." 11 The objective of the study was to focus primarily "on
events during the crash: how well did the bus perform; how did occupants sustain their

11

National Transpona1ion Safety Board. 1987. Safety Study - Crash worthiness of lArge Poststandard School
Buses. Bureau of Safety Programs, Washillg<on D.C.
·
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injuries, if any; and how serious were the injuries."' 2 In addition to addressing the
aforementioned objectives, the Safety Board also examined the question of whether lapbelts are needed for occupants of large school buses manufactured for sale in the U.S.
after April 1, 1977. In performing the lap-belt effectiveness analysis, the NTSB team
specifically tried to answer the following questions:
•
•

What Injuries sustained by the unrestrained passengers would have been
eliminated if they had been lap-belted?
What injuries would have been sustained if the passengers had been lapbelted and held in place?13

In order to provide answers to these questions, the Safety Board team specifically
"considered the body movements a lap-belted passenger could make in the particular
accident and the passenger's relationship to crush and compartment deformation."14 In
all, injury outcome and contact points for 1,119 school bus occupants were evaluated.
The 43 accidents under review were required to meet the following three criteria
before the Safety Board would consider them for evaluation. These included:

•
•
•

The school bus had to be of the large variety, i.e., a gross vehicle weight
greater than 10,000 lbs;
the school bus had to be a poststandard mode·!, one manufactured after
April 1, 1977; and
the school bus must have been occupied by school age children at the time
of the accident.

In addition to the above mandatory requirements, the Safety Board required that
at least one of the following criteria be met before the accident would be considered for
evaluation. These included:
•

the collision speed must have been moderate in nature (injuries to
passengers need not have occurred);.

11/bid.

'' roid.
"loid.
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•
•

the school bus overturned; or
one or more of the school bus passengers was seriously injured or killed
(the impact mode could have been of any variety).

Because of the Safety Board's restricted workforce, it was not able to evaluate
every accident that met or exceeded one of the above criteria. Thus, priority was given
by the Safety Board to those accidents that involved side impacts and rollovers "since
injury data are particularly lacking in these types of accidents, and these types of
accidents have generated the most occupant protection discussion."15
NTSB Study Conclusions

The Safety Board analysis of the potential effectiveness of lap-belts on fatalities and
injuries of surviving school bus occupants in the 43 accidents investigated is summarized
in Figures 4 through 7. These figures illustrate the potential impact lap-belts may have
had on fatally injured and moderate to severely injured school bus occupants. The MAIS
coding schematic, provided previously in this section in Table 5, was used to show the
net potential effectiveness of lap-belts, in absolute terms, had they been available to the
fatally injured and moderate-to-severely injured school bus occupants.
Fatalities

Out of the. 13 school bus occupant fatalities investigated, the Safety Board
suggested that the presence of lap-belts probably would have prevented only two of the
deaths, made no difference in ten others, and their effect could not be determined for the
single remaining fatality. Moreover, the Safety Board suggested that lap-belt use actually
may have caused an additional three deaths to surviving school bus occupants because
they (three occupants) would have been ejected with the seat ~f lap-belted to it) and
crushed between the school and the tractor-trailer truck that struck the school bus headon (see accident case No. 14 in NTSB report), resulting in a probable net effect of zero.
Also, the Safety Board submitted that possibly one additional occupant may have been
fatally injured had a lap-belt been used. The results of the Safety Boards suggested
potential impact of lap-belts on the 13 fatally injured school bus occupants is graphically
summarized in Figure 4.

IS

Ibid.
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.
Rgure 4
Potential Lap-Belt Impact on School Bus Occupant Fatalities, NTSB
Effect could not be determined

_...-r--- COukl have been prevented

Wo!Ad have maae no Change

Severe to Maximum Injuries (MAI.S-4 or above)
Out of the four surviving school bus occupants who were assigned this particular
level of injury, the Safety Board suggested that the presence of lap-belts may have .
reduced the injuries to severe or below (MAIS-3) for one occupant, made no difference
in the injuries sustained by two occupants, and worsened the injuries to the remaining
occupant. Again, resulting in a probable net effect of zero. The results of potential lapbelt impact on MAIS-4 or above level injuries are recounted in Figure 5.

Figure 5
Potential Lap-Belt Impact on School Bus Occupant Severe to Maximum
Injuries, NTSB (MAIS-4 or above)

wo..ene<t Injury

Reduced injuries to MAIS-3 and below

1

1

2
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Serious Injuries (MAIS-3)
Out of the 24 school bus occupants identified in this category as having sustained
serious injuries, the Safety Board estimated that eight occupants may have had their
injuries reduced to moderate in nature, that injuries to 12 occupants may have been
unaltered, that a single occupant's injuries may have been elevated to MAI$-4 or above,
and that the effect could not be determined for three occupants had lap-belts been wom
by those who were categorized according to this particular level of injury. Utilizing the
Safety Board's extrapolations, at best, the probable net effect would have been to lessen
the injury severity for seven occupants {eight reductions, one increase). At worst, the
probable net effect would have been to decrease the injury severity for two occupants
{three could not be determine, one increase). The results are illustrated in Figure 6.

Figure 6
Potential Lap-Belt Impact on School Bus Occupant Serious
Injuries, NTSB {MAIS-3)
ENectcookl not be C!eterminod--r-~

Redooed Injuries to MAIS-2 or below

Made no change

Moderate Injuries (MAIS-2)
Out of the 58 occupants categorized as having sustained this level of injury, the
Safety Board suggested that 12 occupants may have had their injuries worsened to MAIS3, and for the remaining 46 occupants the potential impact of lap-belts could not be
determined. For nine of the occupants who sustained moderate injuries, the Safety Board
suggested that the use of lap-belts might have had a beneficial effect on injury outcome.
In the best case scenario, the injury severity may have been lessened for nine occupants,
resulting in a probable net effect of increasing the injuries experienced by three school
bus occupants. The results are reiterated in Figure 7.
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Figure 7
Potential Lap-Belt'lmpact on School Bus Occupant Moderate
Injuries, NTSB (MAI5-2)

Worsened outcome to MAI$-3 or abcwe

12

46

For the remalnlng school bus occupants who sustained minor or no injuries (1 ,020
at MAI$-1), the Safety Board submitted that •overall it is not prepared to make the same
injury outcome determinations as done for the higher level injuries. It is unlikely that lap16
belt use would have reduced the minor injuries:"
Table 9 summarizes all injuries sustained by the 1,119 school bus occupants
involved in the 43 accidents investigated by the Safety Board.

Table 9
Injuries Sustained by Fatally Injured and Surviving Occupants, NTSB
I

of OcoipanJs

Minor or rwne
Source:

National Transportation Safety Board. 1987. Safety Study· Qas.~Molttl;mtu 01 lalgt Po!fStahdAITI
School Suse$. Bureau of Safety Ptogramt, Wuhlngton D.C.

"1/Jid.
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Based on the evidence accumulated from the investigation of the 43 school bus
accidents, the Safety Board summed up its findings as follows:
•

The Federal school bus safety standards, providing for
"compartmentalization,• worked well in the Safety Board-investigated crashes
to protect school bus passengers from injury in all types of accidents.

•

The Board does not recommend that Federal safety standards be amended
to require thaf all new large school buses be equipped with lap-belts for
passengers. The safety benefits of such actions .. .in terms of reduced
injuries for school bus passengers ...have not been proven."

SYNOPSIS OF SCHOOL BUS ACCIDENT INVESTIGATIONS
The TTl study suggested that 12 of the 19 fatalities could have been prevented had
safety restraints been in use at the time of the accidents. Even taking into account the
six deaths challenged by Kyser, another six children, relying on Hatfield and Womack's
assertions, might have been saved had they been wearing a safety restraint. An
assessment of the potential effectiveness of the safety restraints in mitigating injuries could
not be determined decisively by the Til researchers due to inconclusive data. Rather,
the Texas school bus accident data reiterated a fact that is widely known: school buses
are an extremely safe form of surface transportation. However, as alluded to previously,
the TTl school bus accident investigation revealed that a significantly higher proportion
of the accidents investigated that resulted in fatalities and incapacitating injuries were side
impacts and rollovers. This is important to emphasize because safety restraints generally
are considered to improve safety in accidents involving either a side impact or a rollover.
Figure 8 illustrates that 63 percent of the fatalities and 64 percent of the incapacitating
injuries reviewed by TTl were caused in side impacts and rollovers, respectively.

17

Ibid. ·
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Figure 8
Texas School Bus Occupant Injuries by Impact
Mode, 1975-1984

.
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Impact Mode

The NTSB analysis of 43 accidents that involved 44 large poststandard school
buses suggested that lap-belts might have afforded further protection to occupants that
sustained MAIS-3 and above injury levels. Regarding the occupants who were
categorized as having sustained MAIS-2 level injuries, the substantial number of
undetermined oases prevents one from inferring any -reasonable conclusion as to the
effectiveness of lap-belts in the amelioration of injuries for these occupants. Moreover,
the fact that the 43 accidents investigated by the Safety Board were severe in nature
perhaps negated the chances of any safety device contributing even marginally to
oooupant safety. Due to the severe nature of the aooidents and the overrepresentation
of aooidents involving relievers, the findings of the NTSB study apply only to what might
happen to betted occupants involved in conceivably the most severe school bus
accidents.
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Chapter IV

SCHOOL BUS CRASH AND SLED TESTS

The intent of Chapter IV is to provide a general narrativ.e of three school bus crash
tests and a single sled crash test that investigated the effectiveness of safety restraints,
primarily lap-belts, on school buses. The crash tests were performed by propelling the
school bus(es) into a fixed object or a stationary or moving vehicle to evaluate the
likelihood of injury to school bus occupants by measuring the accelerations and
gravitational forces on anthropomorphic testing devices (ATD) in the test vehicle, i.e, the
school bus(es). A description of the experimental methodology, results, published
criticisms of the testing methodologies when available, and the conclusions reached by
the particular research teams are contained herein.

TRANSPORT CANADA CRASH TESTS
In 1984, Transport Canada periormed full-scale crash testing of three differentsized school buses to evaluate the effect safety restraints might have on improving school
bus occupant protection and to assess whether current Canadian school bus standards
provided a sufficient level of occupant safety. The buses tested were a conventional 56passenger, full-sized ~arge), 1984 Canadian Blue Bird bus mounted on an International
Harvester chassis with a gross vehicle weight of 17,923 lbs.; a 22-passenger Thomas
Minotaur bus mounted on a Ford chassis with a gross vehicle weight of 8,874 lbs.; and
a 20-passenger Campwagon school bus mounted on a 1984 Dodge Ram Van chassis
with a gross vehicle weight of 6,724 lbs. Since the latter two school buses had gross
vehicle weights less than 10,000 lbs., they are required by FMVSS 222, if sold in the
United States, to be equipped with safety restraints (lap-belts). In contrast, the 56passenger Blue Bird school bus with an unloaded gross vehicle weight greater than
10,000 lbs., if sold in the United States, would not be required to be equipped with safety
restraints. Therefore, the crash test results of the conventional Blue Bird bus are of
particular relevance to the objectives of this study.
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Experimental Narrative

Data were collected on the relative severity of injuries to occupants, both with and
without safety restraints, and with three different seat spacings, as depicted in Figure 9.
Six anthropomorphic testing devices (ATO) were used, instrumented to measure head
injury criteria (HIC), chest acceleration, and femur load values. The six ATDs were 5th
percentile females, analogous to junior and senior high school students in age, height,
and weight. ATDs in seating positions 2, 3, and 6 were restrained, and ATDs in seating
positions 1, 4 , and 5 were unrestrained, as shown in Table 10. The bus crashed head-on
into a concrete barrier at a speed of 30 mph.
The Head Injury Criteria (HIC) and chest accelerations were measured in order to
ascertain the degree of the resultant head and chest injuries. The HIC is defined as a
measure of the degree to which a head or head form is assaulted during a collision. It
is predicted by the following formula:

where: a = axial acceleration ol the center of gravity of the head, expressed
as a multiple of g (the acceleration due to gravity), and
t, and t, = any two points In time during impact.

If the HIC value exceeds 1000, it is assumed that the forces exerted on the head
would be severe enough to cause lffe-threatening injury or possibly death. If the resultant
chest acceleration exceeds 60 g for a period of time greater than 0.003 seconds, it is
assumed that serious injury to the occupant will occur.
Test Conclusions

Table 10 reveals that all recorded HIC values were less than the injury threshold
of 1000. Calculations revealed, on average, that the three restrained ATDs sustained HIC
values 3.15 times greater than the unrestrained ATDs. ''These differences," noted the
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Transport Canada researchers, "can be explained by the fact that the restrained dummies
pivoted about the lap-belt, striking their heads severely on the seat-back in front."' They
continued, "the dummy heads compressed the seat-back padding ·to such a degree that
they hit on the steel structure underlying the padding."2

Figure 9
Transport Canada Frontal Impact Seating Schematic
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Fan, G.N. 1985. School Bus Safety Study- Volunu? I. Traffic Safety St<llldards and Research, Transpon
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Table 10
Results of Transport Canada Frontal Crash Test

rr====r===r=
ID.C

1

Data lost due to equipment maJfunction.

Source:

Fatr, G.N. 1985. School Bu.! SaMfy Study- Volume I. Traffic Safety Standards and Research,
TraM.pOrt Canada. Ottawa. Ontario, Cat\adL

The Transport Canada team concluded that compartmentalization affords
occupants sufficient protection in frontal collisions and that the utilization of lap-belts may
result in more serious head and neck injuries to restrained occupants in a frontal collision.
Criticisms of Transport Canada Tests

Weber and Melvin, in a memorandum entitled "Memorandum to Colleagues
Concerned About Child Passenger Safety,"3 relying on collective experience of over 20
years in the occupant protection field, questioned the relevance of the tests and
judgments inferred by the Transport Canada researchers. They state, "We do riot agree
with the interpretation of the results presented by the authors nor with the secondary
interpretations that are being widely communicated to the public."4 They critiqued the
study's merits on the following areas:
• Low HIC Threshold
A HIC threshold of 1000 may be too conservative for children. The elasticity of
their skeletal structure may enable them to withstand higher HIC values than
adults.

'Weber, K., and J.M. Melvin. 1986. Memorandum to Colleag.us Concerned About Child Passenger Safety.
Department of Meclwllcal Engineering and Applied Mechanics, University of Michigan, Ann Arbor, Michigan.

• Ibid.
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• Size and Weight of ATDs
The use of fifth-percentile female Ams was not representative of the height and
weight of school age children. The ATDs should have been more representative
of children who are regularly transported on school buses.
• Uninstrumented ATDs
Because the unrestrained ATDs slid forward during collision, neck impact was
encouraged with the seat-backs in front of them, causing lower HIC values to be
recorded. As a result, greater damage to the neck may have occurred. The
unrestrained ATDs should have been equipped with a transducer to record the
neck injuries.
• ATD Upper Torso Rigidity
The Ams used in the study were constructed with rigid upper torsos. Weber
and Melvin state "this [rigid upper torso] has the effect of transferring the entire
upper-body bending motion to the only flexible unit, the neck."5 Resulting in a
magnified and unnatural extension of the neck.
In the same memorandum, Weber and Melvin state "We firmly believe that newly
purchased large school buses should be equipped with lap belts to provide their
occupants with protection similar to that available in the rear seats of automobiles."6
UCLA CRASH TESTS
Series I Test

In 1967, Severy et al. conducted three crash tests in which different impact modes,
a frontal, a rear-end, and a side impact (90°} were fabricated "using research techniques
and engineering methodology designed to provide realistic and objective findings relating

'Ibid.
6

Ibid.
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to school bus passenger safety."7 Also, eleven (11) school bus seat types as well as
a variety of occupant restraint systems were used to answer questions about their proper
design, construction, and installation. A thorough treatment of these alternative restraint
and seating systems studied in the Series I test can be found in Chapter V of this report.

Experimental Narrative
Three different accident collisions -- a frontal, a rear-end, and a side impact - were
simulated using a 1965 Superior 60 passenger school bus (test vehicle) built on a GMC
chassis with a gross vehicle weight of 17,500 lbs. The Identical 1965 Superior 60
passenger school bus was used in all three impact modes. In the frontal impact a 1944
Mack-Superior school bus with a gross vehicle weight of 17,500 lbs. struck the test
vehicle squarely head-on. Both vehicles were traveling at a speed of 30 mph. In the rearend collision, the test vehicle was "stationary as though stopped on the highway for
passengers"8 and was impacted by a 1960 Plymouth Savoy with a gross vehicle weight
of 4,400 lbs. traveling at a speed of 60 mph. The last collision involved the test vehicle
being struck perpendicular to the rear axle by a 1966 Chevrolet Bel Air 4-door sedan with
a gross vehicle weight of 4,500 lbs. traveling at a speed of 60 mph. The test vehicle was
stationary at the time of impact
The UCLA team focused on the following areas that could cause injuries to school
bus occupants:

•
•
•
•
•

•
•
•

location and type of impact
structural integrity of the school bus
vehicle size
seat design
type of restraint
type of safety glass
occupant size
standing versus seated occupants.

7

Severy et al. 1967. Sclwcl Bus Passenger Protection. Institute of Transponation and Traffic Engineering,
University of California at Los Angeles. California.
8

Ibid.
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Different ATDjseatfrestraint combinations were used throughout the nine rows of
seats In the test vehicle. The four ATDs used represented 5th and 95th percentile
students in age, weight, and height.' The ages were 3, 6, 13, and adult, and the weights
ranged from 32 to 200 lbs. The heights ranged from 38 inches for the three-year-old ATD
to 72 inches for the adult ATD. A total of 39 ATDs were used in all three tests.
Data were collected using a comprehensive array of instrumentation that included
61 electronic transducers that were located in the ATDs, on the safety restraints, and on
the test vehicles. In addition, 33 high-speed motion picture cameras and special
photographic devices that were located within, around, and above the impact area. The
electronic and photographic instrumentation was employed to assess the injury-producing
movements and forces exerted on the ATDs during collision.

UCLA Series I Test Conclusions
On the basis ofihe data gathered, the researchers concluded that:
•

seat-back height for all school buses should be at least 28 inches;

•

lap-type safety restraints would provide additional protection to the school
bus passengers seated in high-back seats that have sufficient padding on
the rear panels of its backrests;

•

the cross-chest lap-belt combination, when properly fitted, provides
significantly more protection than· does the use of a lap-belt only.

Severy et al. concluded that ''the greatest single contribution to school bus
passenger collision safety is the high strength, high back safety seat. Next in importance
is the use of a three-point belt, a lap-belt or other form of effective restraint. "9

UCLA SERIES II TESTS
in 1972, Wojcik and Sande conducted a second series of crash tests, the Series
II tests, to replicate and validate the findings in the Series I tests. The second series of
tests involved two types of collisions, a head-on and a side impact (90°), absent the rear
• ll>ld.
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impact collision. The school bus seat types, restraints, ATDs, and data gathering
procedures were similar to those of the Series 1 tests. However, in addition to the
similarities to the Series I tests, a rearward-facing seat without a lap-belt and a seat
positioned sideways were evaluated as well.

Experimental Narrative
In the head-on crash test, a 1969 Superior 60 passenger school bus was struck
squarely in the front by a 1969 International two-ton dump truck. Wojcik and Sandes
relate, "A two-ton dump truck was selected because It is a vehicle large enough to
generate significant deceleration forces in the bus during collision, and because of the
height of its bumper and chassis, which are comparable with those of the school bus, to
avoid override conditions."' 10 Both vehicles were traveling at the same rate of speed (30
mph) at the time of the collision. The side impact test involved the identical school bus
being struck perpendicular at the rear axle by a 1967 Ford four-door sedan traveling at
a speed of 60 mph. The Ford tour-door sedan was chosen for the side impact because
it represents a vehicle found in a typical mix of traffic. The school bus was static at the
moment it was impacted on the side.
Basically the identical seating and passenger seating assignments were used for
each of the crash tests, so that conclusions could be inferred on the overall crash
protection provided occupants by the numerous variations in protective seating. Tables
11 and 12 summarize the results of the head-on and side impact tests.

UCLA Series II Test Conclusions
Wojcik and Sandes concluded, "For buses provided with safety seats having a
performance profile comparable to the UCLA design, seat belts [lap-belts] will contribute
a significant measure of safety, especially during severe upset collision exposures.·"
Wojcik and Sandes contended that safety would increase even though the belted
13-year-old ATD sustained a head acceleration 12 g's greater than the unbelted 13-year-

•• Wojcik. C.K. and J.;.R. Sandes. 1972. School Bus Seal Remmnr and Sw A.nclwragt Systems. Jnstitllte of
Transportation and Traffic Engineers, School of Engineering and Applied Science, University of California at
Los Angeles, California.
11

Ibid.

39

old ATD (44 g's versus 67 g's) in a 30 mph head-on collision, provided that a UCLAdesigned energy absorbing seat with a 28-in. seat-back was used.
With regard to rearward-facing seats, Wojcik and Sandes reported:
Seats facing the rear of the bus provide[d] an opportunity to evaluate the
performance of the UCLA seat design under crash deceleration
conditions equivalent to those of a forward-facing seat undergoing a
severe rear-end collision. 12
Wojcik and Sandes concluded, ''These seats [rearward-facing) performed
exceptionally well with respect to this simulated rear-end collision exposure, by providing,
without failure, complete protection to passengers seated on them." 13 However, Wojcik
and Sandes added that, "There appears to be no safety advantage for children to face
rearward."14
Commenting on the viability of seats facing sideways with the seat-backs
positioned against the window walls of the school bus, Wojcik and Sandes related that
this seating orientation:
tend[s] to compromise the safety of the passengers unless strong, well
padded armrests are provided to protect passengers from head-on and
rear-end collision forces and a highback seat is provided to support the
passengers' heads against the forces of side-impact. 15

"lbi4.
" lbi4.

" Ibid.
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Table 11
ResultS of UCLA Series II Head-on Crash Test

6-yto.r-old

JJ.ytor-old

Soun::e: Wojcik, C.K. and LR. Sandes. 1912. School Su$ Seat Restraint i!lnd Seat Anchorage Systems.
lnttltute Of Transportation and Traffic EnginHrt, School of EnglnMring and Appl ~ Science,
Untverslty of California at Lot Angeles.. Gallfornla.
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Table 12
Results of UCLA Sefles li Side Impact Crash Test

lJ·ytiJJ"o<Jld

21

8RW

Source: Wojcik, C.K. and LA. Sandes. 1972. School Sus Seat Restraint and S.at Anchorage Systems.
Institute of Transportation and Traffic Engineert, School of Engineering and /lc:lplied Science,
Unl~f'111y of Galifom!a at Lot Angtltt, C&lifotnia.

THOMAS BUllT BUSES, INC., IMPACT TESTS
In 1985. Thomas Built Buses, Inc., conducted three crash impact tests: a frontal
impact into a fixed barrier, a right-side impact by a moving barrier, and a left-side impact
by a moving barrier. Of the three, data were available for only the right- and left-side
impact tests. Both the right- and left-side impact tests utilized uninstrumented ATDs in
seating positions 2 and 3 (see Figures 10 and 11). Electronic data loss was experienced
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in the left-side impact test for three of the 50th percentile ATDs due to a cable being cut
at impact and malfunctions in the test recording equipment. However, enough data were
available from the results of the left-side impact test to include in this report. Table 13
summarizes the experimental characteristics of the right- and left-side impact tests.
Experimental Narrative
Both the right- and left-side impact tests involved a 16-passenger 1985 Minotaur
bus with a gross vehicle weight of 8,550 lbs. Since this bus had a gross vehicle weight
less than 10,000 pounds, it is classified as a Type A school bus. As mentioned earlier
in this chapter, all Type A school buses sold in the U.S. after April 1, 1977, are required
by FMVSS 222 to be equipped with lap-belts. The bus was impacted on its right side by
a barrier moving at 30.8 mph and Impacted on its left side by the same moving barrier
at 30.4 mph. The barrier weighed 4,000 lbs. A total of eight ATDs were utilized for each
test Of those eight, six of the ATDs were instrumented and four were restrained, as
Illustrated in Figures 10 and 11.
Test Conc lusions.
For both side impact tests, six of the eight ATDs were instrumented, two with lapbelts and four unrestrained. The remaining two ATDs were lap-belted only. Results of
the right-side impact showed that seven of the ATDs sustained HIC values less than the
injury threshold of 1000 and chest acceleration values less than 60 g (If the chest
acceleration value exceeds 60 g for a duration greater than 0.003 seconds, it is assumed
serious Injury to the occupant will occur). The lone remaining unrestrained ATD in seating
position 1 experienced an HIC of 67.5 and a chest acceleration value of 97.6 g, exceeding
the 60 g limit for more than 0.003 seconds, possibly resulting in serious Injury. The leftside impact results were available only for ATDs in seating positions 4, 5, and 6. ATDs
in seating positions 4 and 6 sustained tolerable HIC and chest acceleration values; that
is, they were non-injurious and non-life threatening in nature. However, the ATO in
seating position 5 sustained an HIC of 79.9 and a chest acceleration value of 75.6, again
transcending the 60 g limit for more than 0.003 seconds, possibly resulting in serious
injury or possibly death. The HIC and chest acceleration values for both Impact tests are
summarized in Table 14.
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Table 13
Characteristics of Thomas Built Lett- and Right-Side Impact Tests
~~

Source: Thomu Built btt.. ~o. 1986. Thomat Bulk Bu.!uJs Side Impact Crash TNIS. High Point,
North Caro4ina: Thomaa Built Busea, Inc.

Figure 10
Thomas Built Seating Scheinatlc for Right-Side Impact Test

~--~----~1 1~----~--~

~--~----~1 ~~----~--~
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Figure 11
Thomas Built Seating Schematic for Lett-Side Impact Test

~--~----~1 ~I--~~--~

Table 14
HIC and Chest Acceleration Values for Thomas Built Right·
and Left.Side Impact Tests

BIC

8
Source:

6$.4

14.0

Thomas Bullt Bu:S8:S, lnc-. 1988. Thoma$ Built Busts Sif:HIImt»et Cra$h T•m. foigh POint,
North Cardlna: Thomas Built Busea, Inc.

Based on the results of the crash impact tests, the Thomas Built team concluded
that "compartmentalization" performs as it was designed in frontal and side impacts. They
also found that in the case of the side impacts, there is very little difference between the
restrained and unrestrained ATDs relating to severity of head and chest injuries.
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Commenting on the results of the Thomas Built tests, the National Transportation
Safety Board stated that:
The Safety Board believes the Thomas Built Buses' crash tests provide
an indication of what can be expected from a 30 mph side impact
involving a school bus transporting both lap-belted and unrestrained
passengers. Since a belted dummy was seated beside an unbelted
dummy during the test, test results do not necassarily provide an
indication of the head or chest injuries to be expected if a small school
bus transporting all lap-belted passengers is involved in a side impact,
nor for that matter, what to expect if all passengers are unrestrained.' 6
NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION (NHTSA) TESTS

In 1978, NHJSA conducted a sled test program to evaluate the restraint
performance of various production school bus seats designed to satisfy the requirements
of FMVSS 222. 17 Seats from different manufacturers, seat spacing, test velocity, lap·
belts and no lap-belts, and differing ATD sizes were manipulated to determine the effects
on restraint performance. The school bus seats were attached to a mechanical movable
sled mounted on a track. Both belted and unbelted ATDs were placad on the seats. The
sled was then rapidly accelerated or decelerated on the track. The resulting forces
exerted on various parts of the ATDs body • the head, chest, and femurs • were
measured.

Experimental Narrative
As stated above, the NHTSA sled tests were conducted to determine the reaction
of ATDs in simulated head-on or frontal impacts with and without lap-belts. A total of 45
sled crash test simulations were conducted, but only five of those compared belted and
unbelted ATDs - tests 37, 38, 39, 40, and 41 . Because comparisons of belted and
unbelted ATDs were made in these five simulations, they were considered pertinent to the
objectives of this study and are contained in the succeeding paragraphs.
16

Na1ional Transponation Safety Board. 1987.Safety Study · Cro.shwonhinessof lArge Poststandard School
&lses. Appendix J. Bureau of Safety Programs, Washington, D.C.
17

Bayer, A.R. l918. School Bus Passenger Seal and Lop Belt Sled Tests. National Highway Traffic Safety
Administration, U.S. Department of Transponation, Washington, D.C.
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Simulation 37 utilized a seat manufactured by Wayne with and without safety
restraints and with seat spacing of 20 inches. The impact speed was 14.9 mph. During
collision, the ATD in seating position 1 impacted the front seat with its chest, resulting in
a chest acceleration value of 21. Its head rotated over the front seat-back with a resultant
HIC of 181. The researchers indicated that the lap-belt seemed to cause the ATO in
seating position 1 to exert substantial force on its neck as its head rotated over the front
seat-back. The ATD in seating position 2 impacted the front seat-back with its chin, but
its head still rotated over the front seat-back resulting in a HIC of 155 and a chest
acceleration of 23. Upon impact, the chests of the unbelted ATDs in seating positions 3
and 4 collided with the center seat, resulting in chest accelerations of 18 and 16, and their
heads and necks rotated over the top of the seat, resulting in HICs of 77 and 116,
respectively.
Simulation 38 utilized a seat with and without safety restraints manufactured by
Blue Bird Body Company. The impact speed was 14.8 mph. The ATOs in seating
positions 1 and 2 struck their knees on the front seat-back and their noses on the top of
the front seat-back, resulting in HIC values of 226 and 156, respectively. The ATDs in
seating positions 3 and 4 exerted maximum knee force on the center seat-back when the
ATDs in seating positions 1 and 2 were at rttaximum seat belt extension. Both ATOs
impacted the center seat with their mouths and had negligible rearward rotation of their
heads, recording HICs of 259 and 233, respectively. Chest acceleration values for all four
A TDs were less than the 60 g limit.
Simulation 39 employed a seat manufactured by Carpenter with and without safety
restraints and seat spacing of 20 inches. Impact speed was 14.9 niph. The ATO in
seating position 1 struck the front seat-back with its head and neck, sustaining an HIC
of 175, while the ATO in seating position 2 impacted the front seat-back with its chin,
sustaining a HIC of 155. Corresponding chest accelerations were 27 and 30. The ATDs
in seating positions 3 and 4 impacted the center seat-back with their knees and chests.
Also, their heads impacted on the top of the center seat-back. Resultant chest
acceleration values were 17 and 13, while the HIC values recorded were 107 and 87,
respectively.
Simulation 40 utilized a Sheller-Globe seat with and without safety restraints. A seat
spacing of 20 Inches and an impact speed of 14.8 mph were employed. The ATDs in
seating positions 1 and 2 struck their noses on the front seat-back. However, their heads
did not rotate over the seat-back as in previous simulations. The resulting HIC values for
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the ATDs in seating positions 1 and 2 were 321 and 499, and the corresponding chest
acceleration values were 15 and 19, respectively .

.

Simulation 41 also utilized a Sheller-Globe seat with and without safety restraints.
Seat spacing of 20 inches was used. However, simulation 41 differed from !he four
previously mentioned simulations in !hat !he impact speed was increased to 19.8 mph.
The ATOs in seating positions 1 and 2 impacted the front seat-back with their knees and
noses. HIC values of 447 and 465 were recorded. Unrestrained ATOs in seating positions
3 and 4 hit their foreheads on the center seat-back, doing extensive damage to the center
seat. The ATOs in seating positions 3 and 4 sustained HIC measurements of 201 and
184, and chest accelerations of 29 and 31, respectively.
None of the resultant HIC and chest acceleration levels in any of the five
simulations were severe enough to cause serious or fatal injury. The results of !he five
sled crash tests are summarized in Table 15. Also, a depiction of the sled crash test
seating schematic is provided In Rgure 12.

Figure 12
NHTSA Seating Schematic for Sled Crash Test Simulations

Unocn~pi~
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Table 15
Results of NHTSA Sled Tests
!11<4$pftd

zo·

14.9mph

/4.8mph

14.9mph

zo·

14.8mph

zo·

19.8mph

Soutct: Bayer, A.R 1978, School Bus Paasenger SHt and Lap Belt Sled T&m. National Kghway
Ttatflc Saftty Admini$1t'atlon, U.S.

O.partm~nt

of Transportation, Washington, D.C.

NHTSA Conclusions

The NHTSA team concluded that the use of lap-be~s did not reduce peak head
accelerations but, in fact, actually caused an increase in them. Simple calculations
substantiated this postulate. The average HIC value for the restrained ATDs was 278, and
the average HIC value for the unrestrained ATDs was 157.5, a difference of 120.5. They
attributed these higher head accelerations to the fact that the contact point for the ATO's
head is moved upward as a result of using the lap-belt. Also, the results indicated that
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compartmentalization worked as intended and that there were no additional benefits that
could be derived by using lap-belts. However, they did note that during rebound the use
of lap-belts seemed to have a beneficial effect on occupant containment.
SYNOPSIS OF CRASH TESTS AND SLED TEST

The effectiveness of safety restraints in reducing fatalities and injuries to school bus
occupants was based, in part, on the review of three crash tests conducted by Transport
Canada, UCLA, and Thomas Built Buses, Inc. and a single sled crash test conducted by
the NHTSA. The ATDs restrained by lap-belts in the crash tests and sled test had an
average HIC of 294.1 and an average chest acceleration of 31.7. The unrestrained ATDs
had an average HIC of 126.1 and an average chest acceleration of 30.6, well below the
acceptable tolerance thresholds of 1000 and 60 g's, respectively. Regardless, the crash
tests and sled test provided plausible evidence that safety restraints would be effective
in frontal or head-on collisions. However, a limiting factor in making this assessment was
the dearth of crash tests and sled tests available for review at the time of this study.
Moreover, published criticisms revealed that the tests reviewed within this report had
certain inherent methodological and testing procedural problems associated with them.
With regard to side impacts and rollover accidents, several studies suggest that the
presence of safety restraints might lessen the likelihood of death or injury to school bus
occupants involved in these types of school bus accidents. 18

11

Wojcik, C.K. and L.R. Sandes. 1972.Sdloo/ Bus SMt and Restraint and Seat Anchorage Systems. Institute
of Transponation and Traffic Engineers, School of Engineering and Applied Science, University of California
at Los Angeles, California. Parr. G.N. 1981.Schaol Bus Seat Development Study. Traffic Safety Standsrds and
Research. Transport Canada, Ottawa. Ontario, Canada.
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Chapter v

ALTERNATIVE SEAT AND RESTRAINT SYSTEMS

While high-backed and padded seats have been recognized as contributing the
most to occupant safety in school buses, the use of safety restraints such as lap-belts
has bB!ln noted as well. The intent of this chapter is to present an overview of the
effectiveness of an array of seat types, seating adaptations, and alternative occupant
restraint systems as indicated in the two Transport canada tests and the Series 1 UCLA
test.
TRANSPORT CANADA TESTS

As

c~ed

earlier in this report, Transport Canada performed its original full-scale
crash tests in 1984 on three different-sized school buses to determine the effects
occupant restraint systems have on the enhancement of occupant safety. These tests
demonstrated that the lap-belted ATDs experienced higher head and lower chest
accelerations than the unbelted ones. In some instances the belted dummies struck their
heads so violently on the seat-back in front that they 'bottomed out' on the steel frame
underlying the padding in the seat-back. These results also showed that if restraint
systems are to be affixed to school bus seats, the complete seating system must be
considered. To correct this shortcoming, Transport Canada conducted a series of tests
that utilized five alternative seat types, each of which incorporated a restraint system.
These seat types included:
•

contoured padded seat-back with lap-belt combination - this seat design
incorporated additional padding on the top and rear of the seat-back.

•

less aggressive seat-back with lap-belt combination - the top half of the
seat-back frame was altered to permit greater seat-back deflection when
struck from the rear.

•

rearward-facing seat with lap-belt combination - the seat was oriented to
face the rear of the bus and the seat-back was increased in height and
reinforced with a flat horizontal bar.
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•

three-point system - this seat design integrated a passenger car-type lap
and shoulder belt restraint system. The seat frame structure was required
to be reinforced by adding a center leg and diagonal braces to the legs of
the seat.

•

multiple-point system - this seat combined a harness-type restraint system
that consisted of a lap-belt and two shoulder harnesses. Uke the threepoint system, the seat frame structure required considerable reinforcement.

Also, an unmodified standard school bus seat affixed with manual lap-belts was
tested for the purpose of providing an •experimental control mechanism• used to make
simple comparisons with the five alternative seating systems.
In devising the alternative seat types, seven specific design parameters were
followed, which included:
•

design parallels as much as possible existing seats

•

occupant restraint system integrates emergency locking retractors

•

belts attach to the seat frame

•

seats easily produced

•

entry and exit from the seat made as effortless as possible for students

•

seats capable of accommodating students varying from a six-year-old child
to a 50th-percentile adult male

•

restraint systems which abided by existing Canadian Motor Vehicle Safety
Standards 208, 209, 210, and 222

Test Procedure and Setup
Two tests were performed for each of the five alternative seat types and an
unmodified seat, for a total of 12 tests. Each of the six seat and restraint pairings were
tested in two impact modes: (1) a frontal or head-on collision and (2) an angled collision;
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that is, 30" from the longitudinal axis. For both impact tasts, the peak acceleration was
30 g and the maximum impact velocity was 30 mph.
Each test employed two seats and two ATDs. The seats were fastened to a 37mm
(1~ inches) thick plywood board, which was mounted to the steel frame of the crash test
sled. The seat spacing for each test was 660mm (26 inches) from the rear surface of the
front seat-back to the front surface of the rear seat-back. This provided a seating
reference point (SRP) of approximately 533mm (21 inches). The SRP distance was
determined by measuring horizontally forward from the hip pivot point of the ATD to the
back surface of the front seat back. Two 5th-percentile female ATDs were used in each
test. One ATD was positioned in the front seat and the other was positioned in the back
seat.
Emergency locking retractors (ELR) were employed on all restraint systems except
the multi-point and unmodified seat. The ELR held the ATD firmly in the seat. The multipoint and unmodified school bus seat employed manually adjustable lap-belts. In both
cases, the belts were buckled and calibrated to obtain a correct fit around the pelvis and
shoulders of the ATD.
Results of Sled Tests
Contoured Padded Seat with Lap-Belt - The intent of this seating design was to
substantially increase the volume of energy-absorbing foam in the head area of the seat
in order to dramatically reduce the peak head acceleration. When the HIC and chest
acceleration values for both impact modes were compared with the unmodified seat
values, there were no significant differences. The HIC and chest acceleration values for
the contoured padded seat in the head-on Impact test were 1082.0 and 71.6, and the HIC
and chest acceleration values for the unmodified seat were 1116.6 and 58.9, respectively.
With regard to the angled impact test, the HIC and chest acceleration values indicated
that the contoured padded seat was not significantly different from the unmodified seat.
The HIC and chest acceleration values for the contoured padded seat in the angled
impact test were 1154.9 and 68.2, and the HIC and chest acceleration values associated
with the unmodified seat for the same impact mode were 1181.4 and 79.8.
Less Aggressive Sest Back with Lap-Ben - The purpose of this seat design was
to permit the top half of the seat back structure to deform upon impact, thus allowing
increased energy absorption for reduction of the head acceleration level. The seat design
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worked as intended, with a head-on impact peak head acceleration value of 114.9, which
was much lower than the unmodified seat peak-head acceleration level of 199.8 for the
same impact mode. Also, the peak chest acceleration was moderately lower for the less
aggressive seat than for the unmodified seat, 48.6 and 58.9, respectively. The HIC values
for the head-on impact mode for both the less aggressive and unmodified SB!l-tS were
nearly identical. However, the HIC values for the angled impact test were notably
different. The less aggressive seat had a measured HIC level of 1423.8, while the
unmodified seat had an HIC level of 1181.4, a measured difference of 242.4.

Rearward-Facing Seat with Lap-Belt - Of the five alternative seat configurations
tested, the rearward-facing design generated the best results. This design utilized the
same lap-belt system used In the contoured padded and less aggressive seats. The
associated HIC and chest accelerations were substantially lower than the other seat
designs tested, including "the unmodified seat, for both impact modes. Only the threepoint restraint system in the head-on Impact mode outperformed the rearward-facing
design, yielding a slightly lower peak head acceleration value of 58.2 vs. 59.1.
The initial Transport Canada sled tests in 1984 demonstrated that this particular
seat design provided substantial protection to the ATD by reducing all head and chest
acceleration and HIC levels to acceptable values. Since this seat concept seemed to hold
promise, Transport Canada undertook an additional study to further investigate the merits
of the rearward-facing seat with lap-belt concept under normal operating conditions. The
following is a brief discussion of that study.
Three school buses were modified by installing rearward-facing seats with lap-belts.
The school buses were demonstrated in four school districts: (1) Surrey, British Columbia,
(2) Kings County, Nova Scotia, (3) Toronto, Ontario, and (4) Cape Breton, Nova Scotia,
for use during the 1987-1988 school year. The buses were operated on normal routes
in order to ascertain the attitudes of students, drivers, teachers, parents, and school
officials toward the rearward-facing seat orientation.
Data were gathered from a variety of sources for evaluation of the demonstration
project. Questionnaires were distributed to students 11-18 years of age who rode the
demonstration buses on their regular routes and to parents of children under 11 years
of age. In total, over 900 questionnaires were distributed with response rate of
approximately 50 percent.
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Almost half of the students who responded to the questionnaires reported that they
had problems With the demonstration buses. Twenty percent of the students reported
the rearward seat orientation made them feel sick. Nine percent of the students reported
the seat belts were uncomfortable, and another nine percent related that spacing between
the seats was inadequate.
Half of the questionnaires that were distributed to parents were returned. This
version of the questionnaire was intended to elicit information about children ages 4 to
about 10 or 11. Fifteen percent of the parents who responded related that their children
experienced problems orienting to the rearward-facing seat. Eight percent reported that
the primary problem was feeling sick on the bus. However, 75 percent of the parents
favored the demonstration bus but expressed reservations that rearward-facing seats
reduced the driver's ability to supervise the children adequately.
Sixteen school bus drivers were interviewed either by telephone or in person to
discuss student conduct, seat belt use, seat belt problems, and their overall attitude
toward the demonstration bus. Student conduct on the buses hinged on the driver's
threshold for noise, movement, and other improper conduct. The drivers reported that
students on the demonstration bus behaved in the typical manner. The drivers also
related that a primary problem was that the height of the seat-backs caused a blind spot
on the right side of the bus.
Informal discussions were held with small groups of children. These informal
discussions confirmed the results of the questionnaires. Younger students' attitudes were
usually favorable towards the rearward seat concept, while older students did not like
traveling backwards, felt less safe riding the bus, and had an aversion toward the seat
belts.

Last, personal observations were made by researchers while riding on the
demonstration buses. They confirmed the seat belt usage estimates given by the school
bus drivers and the older students' complaints about the closeness of the seats, the
cramped legroom, and the discomfort of the seat belts Qap-belts).
Three-Point Restraint System (lap/shoulder belt) - The three-point restraint
design incorporated a lap-belt and shoulder harness combination. There were no initial
head contacts with the seat-back in front, but peak head accelerations did occur as the
ATO's head struck the seat-back of its own seat, induced by sled braking. Even though
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this secondary impact caused a high head acceleration level, the duration was less than
0.003 seconds. The HIC values for both the head-on and angled impacts were less than
the threshold of 1000. The chest acceleration values for both impact modes exceeded
60 g. The acceleration duration for the head-on impact did not exceed 0.003 seconds.
However, the acceleration threshold for the angled impact did exceed the 0.003 limit
Because the upper torso of the ATD was restrained, submarining (sliding under the
belt) became a consideration. The sled test results indicated that the three-point restraint
system did not cause submarining. The Transport Canada team stressed that if this
particular design were to be Installed in school buses, it was crucial that the occupant be
restrained at all times. If not, any injuries resulting from an unrestrained occupant striking
the seat-back would be more severe because of the increased seat rigidity necessary for
the three-point system to perform as intended. The researchers commented that threepoint restraint systems have the potential to improve occupant safety, but further
consideration must be given to the design to reduce the chest acceleration values to
tolerable levels. It would also be necessary to strengthen the floor of the school bus.

Multiple-Point Restraint System (lap/dual shoulder belt) - The multiple-point
restraint system was comprised of a lap-belt and two shoulder harnesses. The HIC
values for both the head-on and angled impact tests were less than 1000, although the
chest acceleration values for both impact modes exceeded the 60 g threshold for more
than 0.003 seconds. In contrast with the three-point system, submarining was observed
in the head-on and angled impacts. Farr concluded that the multiple-point restraint
systems should not be given further consideration due to the inherent problems of
submarining and because they were difficult and cumbersome to put on and adjust.
Seat and Restraint System Results - The resultant HIC and chest accelerations
of each alternative seat crash test are shown in Table 16. For ease of comparative
purposes, the corresponding HIC and chest acceleration values for each seat design in
both impact modes are graphically depicted in Figure 13 and Figure 14 on page 58.
Table 16 shows that both the three-point and multiple-point systems generated acceptable
HIC levels in the head-on and angled impacts. However, chest accelerations for the
three-point system exceeded the 60 g threshold for more than 0.003 seconds for the 30°
angled impact and for the multiple-point system in both impact modes.

56

Farr offered the following conclusions 1 regarding the frve alternative seat concepts:
The rearward-faCing seat was effective in reducing all injury levels to
acceptable values.
The upper torso on the three-point system reduced the HIC value to
acceptable levels but did not improve the peak chest acceleration.
However, if a three-point system were used, it would be imperative that all
occupants wear seat belts, since increased stiffness of the seat structure
required for the three-point seat belts would cause additional Injury to
unrestrained occupants in a collision.
The two systems which used modified forward-facing seats and lap belts
were not effective in reducing HIC to acceptable levels.
The multiple-point seat belt system was cumbersome to use and permitted
submarining of the test dummy.
The location of the retractors on the lower seat frame must be re-examined
to prevent possible damage by knee contact from the rear.

•
•

•

•
•

Table 16
Transport Canada HIC, Chest, and Head Acceleration Results
S~OJ

Typt

H1C

60.1

S8.2

917.6

58.9

199.8

1181.4

Value ex~ 60 g for mort than 0.003 M<:Ondt, thut, exOM<Iing both Canadian and US aooeptable limits.
2 ~g• is the ac:c:eleratlon due to gravity
1

3

Aooeleration refen to pe.ak resultant aoceleration

Source:

Farr, G .N. 1987. School But SNt ~piMntStvdy. Traffic Safety Standardt and Research, Transport Canada,
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1

Farr, O.N. 1987. School Bus Seal Deve/qpment Study. Traffic Safety Standards and Research, Transpon
Canada, Onawa, Ontario, Canada.
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Installation Cost Estimates for Each Seat and Restraint Design - Cost
estimates for installation of each seat design in a Type 166 passenger (large) school bus
in terms of 1992 U.S. dollars are shown in Table 17. The data for the original Transport
Canada cost estimates were obtained from the Blue Bird Body Company in Fort Valley,
Georgia and were expressed in Canadian dollars. The cost estimates do not include any
modifications or provisions to the school bus beyond those listed in Table 17. Transport
Canada stressed that any additional costs are contingent upon the buyer, manufacturer,
and final seat type selected for installation.

Table 17
Transport Canada Installation Cost Est imat es In 1992 U.S. Dollars
C... o{Otlvr

~~~,.,-

-~~~~
,.,_ -.. - ..

C... o f - S,....

T'*" C...

$172.76
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A letter dated November 12, 1992, from the Blue Bird Body Company that
contained the requested cost estimate information for each seat design tested in the
Transport Canada study included the Blue Bird body Company's current position on
three-point restraint systems In school buses. The letter stated the reasons why Blue Bird
Body Company does not offer as optional equipment lap/shoulder belt harnesses for
large school buses:
To the best of our (Blue Bird Body Company) knowledge, 3 point
shoulder harness seat belts (FMVSS 209 Type 2) are required and used
only at the front and outboard designated seating positions of passenger
cars, light trucks, and multipurpose passenger vehicles. In these
applications the upper torso restraint must be anchored such that the
upper end of the upper torso restraint Is located within the acceptable
range at the top of the seat as specified in FMVSS 21Q-Seat Belt
Anchorages. This is accomplished by anchoring the upper torso belts
to the side walls of the vehicle adjacent to the front outboard designated
seating positions.
When considering Type 2 seat belts in a large school bus, only the
outboard seating positions are adjacent to the side walls of the bus
body. Provisions of anchorages for upper belts is possible for these
seating positions by controlling the size or body sections and the
spacing of seats to provide a side post or bow adjacent to each row of
seat backs. FMVSS 210 requires the upper torso anchorage to have a
strength of 3000 pounds, and therefore, securement of the anchorage
to the body structure is necessary to meet the strength requirement.
For inboard aisle and center seating positions of a school bus seat there
are no obvious or practical anchorage locations for an upper torso belt
other than the seat back itself. Since FMVSS 222-School Bus Passenger
and Seating Protection limits the maximum allowable strength of the seat
back at 16 inches above the seating reference point (SAP) to 2400
pounds, it would be impossible for this same seat back to provide an
upper torso belt anchorage approximately 20 to 22 inches above the
SAP capable of withstanding 3000 pounds of force without extensive seat
back deformation. Extensive seat back deformation under load would
drastically diminish the occupant protection the upper torso belt is
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intended to provide. Also, provisions of a separate structural member
behind a school bus seat would effectively be prohibited by the Seat
Performance Rearward and Impact Zone requirements of FMVSS. For
these reasons we [Blue Bird Body Company] do not know of a feasible
means of providing Type 2 seat belts with upper torso belts for inboard
and aisle seated passengers on school bus seats that must also
conform to current FMVSS requirements.2
UCLA TESTS

Uke their Transport Canada counterparts, the UCLA researchers also investigated
the effectiveness of numerous alternative restraint systems and a single alternative seat
system in conjunction with testing the effectiveness of lap-belts. Features included:

•
•

•
•
•
•

restraint bars
gate-bar lap restraint
armrests
three-point restraint system
airbag
alrseat

UCLA Alternative Restraint System Results
Restraint Bars - This alternative restraint consisted of a padded swing-bar type
hinge anchored to each side of the seat back ahead and swung down onto the pelvic
area of the school bus occupant. The UCLA researchers summarized their findings as

follows:
•

Restraint bars may provide satisfactory protection to school bus occupants
with respect to rear-end collisions but only when properly mated with high
seat-backs.

•

Restraint bars provide adequate protection with respect to frontal or headon collisions but do not provide protection against side impacts.

' Letter from Steve Mann. Specification Coordinator, Research and Development Department, Blue Bird
Body Company, to the Center for Urban Transportation Researoh, November 12,1992.
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The UCLA researchers concluded, "The restraint bars of the type tested in these
experiments are not recommended for school buses."3 They continued, "Although this
device could be designed to provide some measure of protection for the forward impact
(and rear-end collision], it is of little value in a side impact...and is an impractical solution,
considering the advantages of seat anchored lap safety belts.·•

Gate-Bar Lap Restraint - The gate bar lap restraint system consisted of the same
padded type bar utilized in the restraint bar system except that it was anchored to the
aisle floor side and wall of the school bus instead of the seat-back ahead. No results
were reported for this restraint design.

Armrests - If armrests were added to post-April 1, 1977, school bus seats, true
"compartmentalization" could be realized because of the increased lateral restriction
provided to school bus occupants. Even though seats fitted with armrests were found
to be difficult to enter, sit in, or exit, the UCLA researchers determined from the sideimpact crash tests that armrests did provide a significant improvement in occupant safety
by preventing Individuals from being ejected laterally from their seats. The UCLA
researchers stated, "As a minimum requirement, each school bus seat should have an
armrest on the aisle side.'' 5
Although the UCLA researchers concluded that armrests provided occupants with
significant lateral protection, they have certain inherent limitations. In addition to the
difficulty of ingress/egress, they do not provide protection to occupants In rollovers and
reduce the seating capacity from three to two occupants per seat if every passenger is
to be provided an armrest. Therefore, armrests were not recommended as a viable
alternative restraint system.

'Severy et al. 1961.School Bus PossengtrProtection.lnstirute of Transportation and Traffic Engineering,
University of California at Los Angeles. California.

' /l>id.
' /l>id.
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Alrbag - The alrbag system investigated by the UCLA researchers had several
functional problems associated with its use, illustrated by the following:

•

Except under exceptional circumstances, they did outperform properly
structured, properly padded high backed seats.

•

The device would have to be concealed in such a manner as to be immune
from the meddling nature of the school bus occupants.

•

The high cost of electronic operation and maintenance made them
prohibitive.

•

Accidental firing could cause injuries.

•

Immediately after a collision airbags could seriously inhibit a prompt
evacuation of injured or unconscious children due to the enormous volume
they displace when fully inflated. No mention was made by the UCLA
researchers regarding how rapidly the airbags will deflate after inflated.

The UCLA team concluded that because of the numerous technical problems
associated with the airbag concept "further research is recommended before a decision
can be made concerning its practicality for school buses."6

Alrseat- The inflatable airseat, manufactured by Martin Air, provided an interesting
variation on the standard occupant safety devices. The UCLA team reported the airseat
was easily collapsible and, In some instances, could lessen injuries of occupants
propelled against it.
However, the researchers noted the airseat had several
disadvantages. In a head-on collision, the researchers reported the airseat provided
minimal restraint to occupants as well as insufficient restraint to those occupants thrown
against its seat-back. During rear impacts, the airseat provided no substantial back
support and resulted in the adult male ATO's body being flailed into a completely reclined
position, causing hard impact of his head against the knees of the occupant to his rear.
Also, the airseat provided no substantial lateral restraint necessary for protection from a
side impact even when the occupant was restrained by a lap-belt. Lastly, the UCLA team
questioned the durability of the airseat in the presence of mischievous school children
' Ibid.
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who might not be able to resist the temptation to rupture the seats. In light of ~s
numerous disadvantages, the researchers concluded that the airseat was not a feasible
altemative restraint system for increasing school bus occupant safety.
Three-Point Restraint System (lap-belt/shoulder harness) - The UCLA team
reported that, in contrast ~ no restraining device, the three-point system reduced by
two-thirds the impact forces received by an unrestrained passenger. More importantly,
the three-point system distributed the impact forces to the upper chest region of the
occupant's body in a non-injury producing manner, distinguishable from the common
head and chest injuries of unrestrained occupants sustained from direct impact ~
structures inside the school bus. However, when the three-point restraint system's
anchor point was located to the rear and substantially above the shoulder, the crosschest restraint strap passed across the throat in such a manner as to cause injury
producing-forces of a "lacerative nature" to the throat in a side impact. To alleviate this
caveat, the three-point system should have the anchor points built into the seat at
shoulder level to prevent the belt from passing directly across the neck. Even if the
anchor points were built into the seat at shoulder level, considering the wide variation in
student size and height, adjustments in anchor height would have to be provided over a
wide range in order to accommodate the variance in student size and height Because
of the heterogene~ of student size and height, the UCLA researchers concluded that "the
potential gain in the use of cross-chest belts for school bus passengers is too
questionable to warrant their further consideration."'
SYNOPSIS OF ALTERNATIVE SEAT AND RESTRAINT SYSTEMS

The Transport Canada tests evidenced that contoured padded and less aggressive
seats w~h lap-belts are not the panacea to increasing occupant safety. The high HIC and
chest acceleration values associated with each design for both impact modes revealed
they do not afford occupants more protection than seats mandated by FMVSS 222 that
are already in use in large school buses. With respect to three-point restraint systems,
the Transport Canada team concluded they possess the necessary potential to increase
occupant safety but additional consideration must be given to testing and design before
they can become a viable alternative school bus occupant safety option. Similar
conclusions regarding three-point restraint systems were reached by the UCLA team.
They dismissed the systems safety potential based on numerous technical problems.
' Ibid.
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Multiple-point restraint systems do not offer a feasible solution either, because of
numerous technical problems, submarining, and the taxing effort required by the school
bus occupant to put on and adjust the belt properly. UCLA test results established that
restraint bars, gate-bar lap restraints, armrests, airbags, and airseats do not have the
capability to otter increased protection to school bus occupants.
Sled test resu~s by Transport Canada revealed that rearward-facing seats with lapbelts can augment school bus occupant safety. The HIC and chest acceleration values
generated by the rearward-facing seats were well below the threshold ceilings (see
Figures 13 and 14). Also, the additional study undertaken by Transport Canada to explore
further the rearward-facing seat concept under normal operating conditions established
that no application problems existed regarding the students' ability over a short period of
time to become desensitized to the atypical seating orientation. However, the Transport
Canada team stressed that continued research Is required if rearward-facing seats are to
become standard equipment on Canadian school buses.
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Chapter VI

PROFESSIONAL AND ORGANIZATIONAL QUALITATIVE OPINIONS
AND OTHER CONSIDERATIONS

Accidents involving school buses are often followed by intensified public interest
in the issue of safety restraint installation in all types of school buses. Those advocating
the installation of safety restraints in non-Type A (large) school buses are convinced that
they can provide optimum student safety and that the costs associated with their
installation are minimal, no more than $1,000 to $1,500 (lap-belts) per large school bus.
They also contend that safety restraints will educate students about the importance of
' buckling up" later in their adult lives and that student behavior will subsequently improve
on-board the school bus, thereby causing fewer driver distractions which translates into
fewer accidents. Safety restraint installation is supported not only at the grass roots level,
but in many cases, by groups that are well-organized and established and are extremely
effective and vocal in promoting and gathering support for their convictions.
Those opposed to the installation and use of safety restraints in large school buses
are equally committed to their position. Opponents of safety restraint installation in large
school buses express concern that in the case of serious frontal accidents involving
school buses, safety restraints may increase the likelihood of injury and can imperil school
bus occupants in accidents involving fire and rollovers. Also, opponents assert that the
funds used to install safety restraints could be more wisely allocated on other, more
effective safety investment options such as student safety education programs, higher
seat-backs, and crossing control arms. Opposition has arisen from a diverse and broad
segment of society and from the school bus industry. School bus manufacturers, state
legislatures and departments of education, school transportation administrators and
coordinators, and U.S. and Canadian government agencies have all entered Into the
conflict over the installation and use of safety restraints in large school buses.
The views and expert opinions held by the many individuals and organizations
concerned with increasing the safety of children transported daily on large school buses
should be given serious consideration, particularly when the issue is as controversial and
important as the one under consideration in this report. Therefore, the purpose of this
chapter is to present the myriad views and expert opinions, both in support and
opposition, regarding the issue of safety restraint installation in large school buses. In
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addition to presenting views and expert opinions espoused by both sides of the issue,
other considerations such as the potential ·carryover effect," liability, improved student
conduct, and the results of suNeys that identified the operating experiences of various
state and local government entitles that have installed safety restraints (lap-belts) in large
school buses are presented.
PROFESSIONAL MEDICAL SOCIETY OPINIONS

Many professional medical societies are actively supportive of safety restraint
installation in large school buses. The Transportation Research Board committee that
investigated school bus safety (referred to hereafter as the TRB committee), the
Wellington Body Company, Inc., and the National Coalition for Seat Belts in School Buses
identified several professional medical societies that advocate safety restraint installation
in school buses. These included the following:
•

•
•
•

•
•

•

American Medical Association
Physicians for Automotive Safety
American Academy of Pediatrics
Society for Adolescent Medicine
American College of Emergency Physicians
American Association of Oral and Maxillofacial Surgery
American College of Preventive Medicine

In 1984, the American Medical Association stated that it •supports legislative action
1
to promote the availability of effective seat belts in all school buses in the United States".
The American Academy of Pediatrics holds the position that "seat belts should be
required on all newly manufactured school buses - regardless of their size and number
of pupils transported."2 The American College of Preventive Medicine supports "the
immediate installation of seat belts in new school buses as immediate preventive action
to protect the health of children."3 The Society of Adolescent Medicine stated that the

1

"Our Position on Belts is . . . "l98S.National Schocl Bus Repon. Advocate and opponent positions assembled

and disseminated by the Wolfmgton Body Company, Inc. , Exton, Pennsylvania.

'Ibid.
1

National Coalition for Seat Belts in School Buses. 1986. Third Edition Report. Skokie, Illinois .
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Society's "primary concern is the health and welfare of youth [and] strongly supports the
use of seat belts when riding in school buses.'.. The American Association of Oral and
Maxillofacial Surgery stated it "endorse[s], advocete[s] and counsel[s] the use of safety
restraints .. .in all motor vehicles with compartments for the carriage of passengers,
including school buses.''5
In addition to identifying those professional medical societies that advocate the
installation of safety restraints in school buses, the Wolfington Body Company, Inc., taking
a neutral and unbiased position, devoted equal treatment to those professional medical
societies that oppose or are neutral regarding the issue of safety restraint installation.
These included:

•
•
•

•

American Academy of Orthopaedic Surgeons
American College of Preventive Medicine
National Association of Pediatric Nurse Associates and Practitioners
American Association for Automotive Medicine

The American Academy of Orthopaedic Surgeons states that it "... strongly
endorses the development and introduction of passive protection systems as an adjunct
to a safety belt law."6 The American College of Preventive Medicine states that it has
"thoroughly investigated this and finds the lack of good data a barrier to a formal
position."7 And, the National Association of Pediatric Nurse Associates and Practitioners
states that it • ... does not have a position on this issue. There is no activity within the
[organization] to develop a position on this issue...e The American Association for
Automotive Medicine states that it "... does not have an official position on seat belts in
school buses."11

'Ibid.
' Ibid.
• Ibid.
' Ibid.
• Ibid .
• /llid.
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SCHOOL BUS MANUFACTURERS OPINIONS

In a report published in 1987 for the California Highway Patrol, Booze, Allen, and
Hami~on "solicit[ ed] information from organizations that have examined lap-belts on
school buses... (and] structured discussions with school bus manufacturers (and
others] ...were conducted."'" The discussions with school bus manufacturers included
eight major manufacturers. The personnel contacted and interviewed were "high-level
representatives in engineering, sales, and corporate affairs"'' who were asked about
their knowledge regarding lap-belt effectiveness in frontal impacts, rear-end impacts, side
impacts, and relievers.
The major school bus manufacturers solicited included the following:
•
•
•
•
•
•
•
•

American Transportation Company
Blue Bird Body Company
Carpenter Body Works, Inc.
Crown Coach Incorporated
Gillig Corporation
Superior Coach International
Thomas Bui~ Buses, Inc.
Wayne Corporation

Frontal Impacts

With regard to frontal impacts, school bus manufacturers uniformly stated that "lapbe~s would not be beneficial in this type of accident. "12 Typical comments included in
the report regarding lap-belt use in frontal impacts were that they •could contribute to

10

Booze, Allen, and Hamilton. 1987. Sch<>cl Bus StoJ Belt Study. Submitted to the California Highway Patrol
Motor Carrier Section, Sacramento, California.
II

fbid .

" Ibid.
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abdominal injuries"13 and "would be of less value lor this type of accident [frontal] than
for any other accident type. "14
Rear·End Impacts
In accidents involving rear-end impacts, school bus manufacturers stated that
" ... lap-belts would not be beneficial for this type of accident [rear-end] and in some
instances the lap-belt could increase accident [injury] severity."15
Side Impacts

With respect to lap-belt effectiveness in side impacts, Booze, Allen, and Hamilton
report that •responses were mixed for the manufacturers and some of the respondents
[manufacturers] felt that there were insufficient research to draw concluslons." 16 They
continued, "respondents felt that little change in head and neck injuries would occur
between belted and unbelted students. Almost every respondent had a different thought
concerning lap-belts." 17
Rollovers
In accidents in which the school bus rolled over, Booze, Allen, and Hamilton state
that "the majority of respondents felt that lap-belts would help reduce injuries in rollover
accidents. The belt would protect students from the side and roof of the bus."' 8
However, the researchers make it clear that the "... frequency of occurrence is extremely
low for this accident type."19

I)

Jbid.

"Ibid.
.. Ibid.

"Ibid.
17

Ibid.

" Ibid.
19

Ibid.
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STATE LEGISLATURE DEPARTMENTS OF EDUCATION OPINIONS

Many individual state legislatures and departments of education have taken strong
positions in opposition to the installation of safety restraints in large school buses. The
following are brief descriptions of these positions.

State Legislatures
On March 25, 1983, a total of nine persons (four students) were fatally injured in
a school bus accident in Jonesboro, Arkansas. Because of this tragic accident, the
Arkansas Legislature conducted a study to determine if safety restraints should be
installed in Arkansas school buses. In its final report, the Arkansas Legislature
concluded:
It appears that based on the costs, the lack of data indicating a great
fatality decline with the installation of seat belts themselves, and the
outstanding safety record of school buses in general, the issue of seat
belts in school buses could be left as a decision to be made by
individual school districts and should not be mandated by the
legislature.20

In 1984, the Minnesota Legislature, after several fatal school bus accidents, created
a committee to investigate further the issue of school bus safety. The committee
recommended against the installation of safety restraints in large school buses.
In light of the state legislatures that have stated definitive positions in opposition
against the installation of safety restraints in large school buses, the New York Legislative
Commission on Critical Transportation Choices recommended that all school buses
manufactured after July 1, 1986 for use in New York State be equipped with safety
restraints (lap-belts). 21 The New York State law that required newly purchased large
school buses to be equipped with safety restraints took effect June 30, 1987.
20

Arkansas Legislative Council. 1984. Ftasibilitycf Requiring Scheel Districts to Install Stat Belts en Scheel
Buses. Linle Rock, Arkansas.
" New York State Legislative Commission on Critical Transponation Choices. 1985. School Bus Safety in
New York Statt... Childrenat Risk? Albany, New York.
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The State of New Jersey also adopted similar legislation earlier this year (1992)
which requires large school buses purchased for use in New Jersey Stele be equipped
with safety restraints.
State Departments or Education

The Maryland Department of Education in a report entitled "Concerns About Seat
Belts on School Buses" stated that:
...after careful consideration of the many aspects of this issue, the
Maryland State Department of Education concludes that seat belts would
not enhance the safety of pupils on school buses to any appreciable
degree and may, in fact, present hazards to the safety of the children
being transported."22
In 1983, the Alaska Department of Education issued a resolution regarding its
position on the use of safety restraints in school buses after a thorough investigation by
a committee consisting of school bus company representatives and school transportation
officials. The resolution states:
The Alaska School Bus Safety Committee Is agreed in its opinion that no
legislative or regulatory action be taken in the Stete of Alaska to require
seat belts on school buses until an authoritative body of test data has
been produced showing conclusively that the overall safety of the
ridership on pupil transportation buses is significantly enhanced. 23
U.S. AND CANADIAN GOVERNMENT AGENCY OPINIONS
National Highway Traffic Safety Administration

The principle transportation safety organization for the United States, the National
Highway Traffic Safety Administration (NHTSA), neither advocates nor mandates the

"Maryland State Department of Education. 1985. Concerns About StaJ Belts on School Buses. Annapolis.
Maryland.
"Alaska State Department of Education. 1983. School Buses and Sear Belts: A Discussion. Juneau. Alaska.
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installation and use of safety restraints in large school buses. NHTSA's position reads
as follows:
NHTSA believes that the occupant protection required in school buses
manufactured alter April 1, 19n, plus the inherent safety of a highly
recognizable vehicle that travels on a regular route, provide a high level
of safety. There is insufficient data available to demonstrate whether
safety belts would increase occupant protection. The number of school
bus occupant deaths and serious injuries is so low that assessing the
extent to which safety belts could either prevent deaths or injury, or
cause ~. is not feasible. 24

National Safety Council
The National Safety Council (NSC) considers ·compartmentalization• as the best
proven method of providing crash protection on school buses. They will not support
safety restraints on school buses until further research and testing demonstrate their
benefrts. NSC's position states:
The Council recommends that until further research and testing
demonstrate that pupils will be safer by the installation of seat belts in
school buses, the Council believes that passive protection provided by
compartmentalization as required by the current (19n) federal standard
on school bus seating and crash protection protects seated pupil
passengers in school buses with gross vehicle weight ratings (GVWR)
greater than 10,000 pounds (large]. 25
· .:.

National Transportation Safety Board
The National Transportation Safety Board (NTSB), an independent U.S. Federal
agency responsible for investigating accidents and other matters pertinent to
transportation safety, reviewed the crashworthiness of large school buses built to meet

"'Na1ional Highway Traffic Safe<y Administration. 198S..S4/tty Btlls in School Busts. U.S. ~partment of
Transportation, Washington, D.C.
" Nalional Safe<y Council. 1984. Prortctingl'llpil P4Sstngers in School Busts. Washington. D.C
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FMVSS issued in April of 1977 that apply to school buses. The NTSB research team
concluded that:
Based on the findings in this study, the Safety Board does not
recommend that States or school districts allocate funds to retrofit or
order large post standard school buses with lap-belts for passengers.
The Safety Board also does not recommend that Federal school bus
safety standards be amended to require that all new large school buses
be equipped with lap-belts for passengers. The safety benefits of such
actions, both in terms of reduced injuries for school passengers and in
seat belt use habit formation, have not been proven. 26

Transport Canada
In 1984 Transport Canada (the canadian equivalent of the U.S. Department of
Transportation) concluded after extensive testing to determine the effectiveness of safety
restraints in three different sizes of school buses that "compartmentalization" works as
intended, and that the use of safety restraints Oap-belts) might result in heightened head
and neck injury in severe frontal collisions that might otherwise have been avoided. With
regard to their findings, the Transport Canada researchers state:
The passive occupant protection of the seating system (known as
compartmentalization), required by Federal regulations since 1980 (1977
in the U.S.) functions as intended during frontal impacts and provides
excellent protection for occupants. 21

u National Transponation Safety Board. 1987. Safety Study - CrashworrhiMss of LArge Posmand4rd School
Buses. Bureau of Safety Programs, Washington, D.C.
"Parr. G.N . 1985.School Bus Safety Study- Volume I. Traffic Safety Standards and Research, Transpon
Canada, Ottawa, Ontario, Canada.
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NATIONAL PUPIL TRANSPORTATION ORGANIZATION OPINIONS

National School Transportation Association
The National School Transportation Association (NSTA) supports
•compartmentalization· until documented proof exists that safety restraints offer more
protection for riders. Their position states:
NSTA believes that compartmentalization • containing children within a
structurally reinforced passenger compartment of fully padded, high-back
seats and crash barriers • is preferable to any form of containment that
relies upon the use of safety belts or other similar restraining devices. 28
INSURANCE EXPERT OPINIONS

The National Association of Independent Insurers is concerned about the potential
liabilities created when school buses have safety restraints.29 In the absence of Federal
legislation mandating school bus safety restraint installation, they are unsure about issues
such as enforcement (making sure that students use the belts), ensuring that the
restraints are property worn (so that they do not cause rather than prevent injuries),
vandalism to the mechanisms (so that the bus is equipped with non-functioning safety
restraints), obstructions to students walking through the vehicle, and escape from buses
involved in rollovers and post crash fires. They have, therefore, taken no definitive
position on the issue.
OTHER ASSOCIATED CONSIDERATIONS

Carryover EHect
tt has tong been confirmed by psychologists that repetitive stimuli influence
behavioral conditioning. They contend that Individuals, students in this situation, exposed
to the same stimuli for endured periods of time, in this case 13 years (K-12), will develop

" National School Transportation Association. 1984. "National School Bus Report.· NatiotuJI School Bus
Report. Special Edition: Spring. Springfield, Virginia.
"Devlin, Charles. 1983. "Seat Belts in School Buses: The Controversy Reoccurs.· Castoways.
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and display more conditioned and anticipated behavior. Advocates of the installation of
safety restraints in school buses are confident that children subjected to the habitual use
of wearing safety restraints in school buses will continue to "display" or "carryover" this
learned behavior to other vehicles.
In 1986, Gardner et al. published a report for the National Highway Traffic Safety
Administration that focused on the Issue of habit formation or carryover effect of safety
restraint usage to vehicles other than belt equipped school buses. 30 To clarify,
carryover effect refers to students learning a behavior and developing a habit in one
context, such as daily safety restraint use on a school bus, and transferring or carrying
over the learned behavior to another context, such as riding in automobiles. An attempt
to measure carryover effects by Gardner et al. resulted in an "inconclusive" finding.
Gardner et al. state:
Occasional or supervised belt use did not lead to clear demonstrations
of habit behavior. The mere presence of belts on buses did not appear
to be sufficient to lead to habitual bus belt use, let alone transfer to car
belt use behavior. Older students reported that regular belt use on some
routine bus trips did not even lead to their reported use on other beltequipped buses.3 '
Gardner et at. relate that other factors appear to be more important than
occasional or supervised use to habitualize students. They relate:
Parent car rules and attitudes, mandatory State car belt use laws, and
classroom education programs [and other car companions] appeared
to play more dominant roles in students' car belt use than bus-belt
carryover effects.... As more States enact mandatory car belt use laws,
more students will already use car belts, and hence, fewer will remain to
be effected by any possible carryover effects. 32

"'Gardner et al. 1986.School Bus Safety Belts Thtir Use, CarryovtrEjfects and Administralivelssues. Office
of Driver and Pedestrian Research, National Highway Traffic Safety Administration, Washington, D .C.
" Ibid.
n

Ibid.
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Uablllty

The question of liability is a concern raised by States and school districts
investigating the instailation and mandatory use of safety restraints in school buses. The
question of exactly who Is liable Is difficult to determine. Uability has the potential to be
decided differently for each group involved (drivers, driver supervisors, fleet supervisors,
school boards, school districts, and insurance carriers). Uability is potential cost that is
unknown. Addressing this issue, Thomas Built Buses lnc.,33 identified four major areas
of potential liability. They are as follows:
•

A child is not wearing the seat belt and is injured in a bus accident;

•

A child is not wearing the seat belt properly (belt too loose or tight) and is
injured during an accident;

•

A child is injured by tripping over a belt or is hit by a belt;

•

A child is not wearing the belt because it does not operate properly
(vandalized earlier in the day), and Is injured in an accident.

The National Coalition for Seat Belts in School Buses presented a compelling
narrative on the issue of liability. In a letter addressed to the National Coalition for Seat
Belts in School Buses dated July 1985, a Texas litigation firm offered the following
argument:

Of all the red herring resorted to, to avoid putting seat belts in school
buses, the liability aspect has got to be the most fraudulent I would
recommend you contact a local plaintiff's attorney to give a talk to the
school board to explain that how a school board's failure to instail seat
bells may give rise to substantial liability, and actually installing seat belts
and adopting a program to insure their use would go a long way toward
avoiding not only injuries but liability. 3-4

"SLat Bells in School Buses. 1992.Jnformation compiled and disseminated by Thomas Built Buses, Inc.
" National Coalition for Seat Belts in School Buses. 1986. op cit.
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The Texas Transportation Institute survey of Texas school districts did not project
increased liability resulting from the installation of safety restraints in their school
buses.35 Hatfield and Womack state:
For the most part, the increased liability for the provision of safety belts
was not found to be an issue of critical importance to Texas' schools at
this time.... (For] five districts, however, the liability issue was viewed as
a significant problem in the event that belts on buses are mandated. 36
The evidence provided in the preceding paragraphs indicates that a government
entity, State, school district or otherwise, runs the chance of litigation whether or not
safety restraints are installed in school buses. To sidestep the Issue of liability, the New
York School Bus Safety Belt Law contains a clause absoMng the State from liability in the
event a child Is injured because his or her safety restraint was not fastened. Available
evidence is inadequate to conclusively determine if the presence or non-presence of
safety restraints in school buses leads to the increased chance of litigation.
Influence of Safety Restraint Use on Student Conduct

Advocates and opponents of the installation of safety restraints in large school
buses both agree that proper and consistent discipline is critical to the safety of
transported students. Students riding out of position {standing) create a distraction for
the driver. In traffic, one momentary distraction might mean the difference between a
near miss and a crash. Students riding out of position also represent a danger to
themselves and to other student passengers. In crash situations, students riding out of
position are not protected by "compartmentalization• in post-1977 school buses. They
are susceptible to crashing into unprotected areas within the bus. They. may also crash
into and unnecessarily injure other student passengers. For these reasons, every effort
must be employed to control the behavior of transported students.
Regarding the issue of improved student conduct caused by the presence of safety
restraints, Garner et al. noted that:

" Hatfield.• N.J. and K.N. Womack. 1986. Safety Belts on School Buses: The T=s Experience. Texas
Transportation Institute, Texas A & M University, College Station. Texas.

"Ibid.
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Many school administrators and drivers in the study...reported positive
effects of a belted bus program on student on-board bus conduct, i.e.,
improved student discipline and reduced driver distractions. Belts on
buses did not lead to significant long term vandalism and mischief
involving the belts.37
In short, school bus passenger conduct was reported as improving with safety
restraint use. Students belted into their seats are not physically able to move about and
negatively interact with other students aboard the bus. And, more importantly, they are
unable able to protrude their heads and limbs out of the school bus windows.

Operational Experiences
Studies and expert opinions regarding the effectiveness of safety restraints in
preventing fatalities and reducing the severity of injuries sustained by school bus
occupants are of considerable importance; however, the operational experiences of
governmental entities that have installed safety restraints In large school buses must also
be given consideration.
The TAB committee sent surveys to 24 school districts (16 responded) around the
nation that "have operated Type I [large) school buses equipped with lap-belts."38
Presented below is a brief synopsis of the TAB committee's findings for five of the
responding school districts.
The Fairfax County, Virginia school district stated that:
...[while] seat belts may improve passenger behavior and...the use of
seat belts as weapons is only a minor problem, vandalizing of the seat
belts and theft of the buckles have been major problems. Hundreds of
belts have already been replaced, over 500 in the last two months.39

"Gardner

e1

al. 1986. Op cit.

"Transportation Research Board. 1989. Improving School Bus Safety. Special Report No. 222. National
Research Council, Washington, D.C.

" Ibid.
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The TAB committee noted that "the Skokie, Illinois school district reported no
Instances of seat belts being used as weapons, or to trip other students. No mention was
made of seat belt defects or of students' vandalizing belts or buckles. ,«J
The Comsewoque, New York school district reported that "although seat belts tend
41
to improve student behavior, some belts have been vandalized [fewer than 3 percent]."
The Board of Education for West Orange, New Jersey reported that "95 percent
of all students use their seat belts and that use of seat belts has improved student
behavior. Seat belts and buckles have not been used to trip other students, nor have
they been used as weapons. Since installation in 1983, only one belt has been
vandalized ...2
The Marana {Arizona) Unified School District reported that "no mechanical
problems were reported with seat belts, and vandalism was considered a very minor
problem with only one seat belt having been vandalized. "43
A letter sent to the School Transportation Director by Robin Leeds, Executive
Director of the Connecticut Operators of School Transportation Association, illustrated
some of the operational hazards experienced by Deep River, Connecticut, after they
installed lap-belts on 11 new school buses:
In actuality, this week's inventory of the buses showed that of the 781
pairs of seat belts that started the year, there are 522 operable pairs left:
259 pajrs of seat be~s on all 11 new buses have been destroyed. Some
belts were cut out entirely with knives or scissors, but most of the
damage occurs to the buckles and latches. The mother of one student
44
returned seven buckles that her child had broken off and taken home.

.. Ibid.
•U

/bid.

,, Ibid.
" Ibid.

""Operators Fault Findings on Seat Belts. 1981.School Transponation Dirtaor7(14).
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The New York Association for Pupil Transportation in its analysis of the third annual
survey of New York school districts found some of the results represented a ''trend worth
noting." Subsequently, the "trends worth noting" were published in the March 14, 1990,
edition of the School Transportation Director:
•

Districts reporting seat belt related injuries increased 460 percent since last
year's survey.

•

Repair costs and down time on seat belt equipped buses are increasing.
Down time is up 53 percent from 1989.

•

The number of injuries reported as a result of seat belt misuse indicates that
there is a need for increased instruction in the proper use of seat belts.

•

18.8 percent of responding districts with seat belt equipped buses reported
a total of 341 Injuries caused by seat belts (a 69.1 percent increase in the
number of injuries over the last year). Most commonly reported are: used
as a weapon, resulting in cuts, bruises and stitches in the head area, metal
splinters, and tripping by tied-together belts, resulting in bruises and broken
limbs.

•

5. 7 percent of districts responding reported seat belts helped prevent injury
in collision type accidents. Of those districts, 81.3 percent indicated the
driver was the person helped.45

SYNOPSIS OF FINDINGS
In short, evidence provided by the literature weighs against the installation of
safety restraints in large school buses as a means of increasing student safety. The 1986
study conducted by NHTSA, however, suggested that the use of safety restraints in large
school buses may improve student behavior, thus contributing to increased safety. The
operational experiences of the various school districts reviewed in this report partially
supports NHTSA's postulate. Further research and study should be given to substantiate
or refute NHTSA's conclusion. However, the tradeoffs in terms of students vandalizing

''"New York Finds Increase in Seat Belt Related Injuries, Repair Costs."1990.School TransportaJionDirector
10(5).
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the safety restraints (resulting in increased maintenance costs and school bus downtime),
the occasional use of the safety restraints as weapons against other students, etc., must
be given serious consideration before any decision is made to legislatively mandate the
installation of safety restraints of any configuration and/or design in large Florida school
buses.
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Chapter VII

SAFETY COST·BENEFIT ANALYSIS

The potential reduction in fatalities and injuries to school children from the
installation of safety restraints in school buses has become an issue in Florida, as it has
in many other states and individual school districts around the country. Presently, the
Federal government requires safety restraints to be installed only for the driver of school
buses having a gross vehicle weight greater than 10,000 lbs. Moreover, lap-belts are
required by FMVSS 222 to be installed as standard equipment in Type A school buses
having a gross vehicle weight less than 10,000 lbs for both driver and passengers. Since
the smaller Type A school buses are required by FMVSS to be equipped with lap-belts,
consideration will be given only to the costs and benefits (reduction in fatalities and
injuries) of installing safety restraint systems for passengers compared to the costs and
benefits of installing other safety investment options for large school buses.
Despite the substantial and unequivocal evidence in the literature supporting the
effectiveness of safety restraints in reducing fatalities and injuries in crashes involving
automobiles, t their effectiveness or potential effectiveness in reducing fatal and serious
injury to school bus occupants cannot be determined conclusively. The 1967 UCLA crash
tests suggested that safety restraints would afford school bus occupants additional
protection in side Impacts and in both collision and non-collision rollover accidents
provided the evacuation process is perfected. 2 However, evidence provided by

1

Campbell. B.J. 1986.17te Ef!ectivtness of Rt'Qr-SetJJ Lop·Belts in Crash Injury Reduction. Highway Safety
Research Center, University of Nonb Carolina, C~ Hill, Nonb Carolina; campbell, 8.1. 1979. "Seat Belts
Etfectiven=. "International Symposium on Seat Belts Held in Tokyo, J~; Huelke, D.F. 1981. "Effectiveness
of Occupant Restraints in Reducing Serious Injuries and Fatalities." Presented at the International Symposium
On Occupant Restraint, Toronto, Canada; Magbsoodloo, S., et a!. 1989. "A QuantifiCJ~tion of the Impact of
Restraining Systems on Passenger Safety."Journal of Safety Rest4rch 20(3): 115-ZS;McGee, D.L.,and P. Rhodes.
1989. "Estimating Trends in the Effectiveness of Seat Belts in Saving Lives, 1975-1985."Statistics in Medicine
8(3):379-85; Evans, L. 1986. "The Effectiveness of Safety Belts in Preventing Fatalities." Accide111 Analysis &
Prevt11Iionloumall8(3):229-41;Kerwin, E.M.,et al.l985. "Seat Belt Effectiveness in Injury-Producing Accidents:
The Colorado Matched Pairs Study." University of Colorado School of Medicine, Presented at the American
Public Heal!h Association Annual Meeting, Washington, D.C; Frazier, R.G. 1961. "Effectiveness of Seat Belts
in Preventing Motor Vehicle Injuries.• New England Journal of Medicine 264:12S4.Partyka, S.C. 1988 . "Belt
Effectiveness in Fatal Accidents.· DOT HS 807 285.
'Severy et a!. 1967. Sclwol Bus Passenger Protection. Institute of Transportation and Traffic Engineers,
Unive,.ity of California at Los Angeles, California.
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Transport Canada indicates that safety restraints might actually increase injuries in frontal
collisions.3 As alluded to in previous chapters, actual "real world" school bus accident
data are inadequate to resolve the controversial debate due to the small number of
fatalities and injuries nationwide among school bus occupants.
No matter how potentially beneficial in terms of reduced fatal~ies and injuries to
school bus occupants the installation of various safety restraint types and other safety
investment options such as crossing control arms and external loud speaker systems in
large school buses may be, the costs must be weighed against the overall potential
beneffls In absolute terms, i.e., a quantifiable number of lives preserved and injuries
prevented or lessened annually by the installation of each safety investment option.
Method

Nine different safety investment options for large school buses are analyzed in
order to determine a quantifiable number of fataiities and injuries that might be reduced
in an average year for an annual capital outlay of $1,000,000 per safety investment option.
The safety investment options evaluated In the cost-benefit analysis (CBA) include:
•

•
•
•
•

•
•

•

•

lap-belts
lap/shoulder belts {three-point restraints)
lap/dual shoulder belts (multiple-point or four-point restraints)
higher seat-backs ("New York" seats)
adult school bus mon~ors
electrically operated crossing control arms
dual stop signal arms
external loud speaker systems
rearward-facing seats with a lap-belt

Each safety investment option was analyzed using several parameters. These
included:

'Farr, G.N. 1985 . School Bus Safety Study · Volume I. Traffic Safety Standards and Research, Transport
Canada, Ottawa, Ontario, Canada.
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•
•
•
•
•

the annual capital outlay amount
estimated annual maintenance costs
service life span of the safety investment options
residual value at the end of the service life span
an appropriate discount rate

The parameter figures utilized in determining the benefits of each safety investment
option are identified in Table 18.

__

Table 18

Safety Cost-Benefit Analysis Parameters

,

SJ.ll3.26

SJS

IS

The potential reduction in fatalities and injuries (benefits) was derived in two ways.
First, the benefits to be gained by the installation of each safety investment option were
determined by applying the identical effectiveness and usage rates utilized in the CBA
performed by the TRB committee that investigated school bus safety (referred to hereafter
as the TRB committee). The TRB committee effectiveness and usage rates are identified
in Table 19. Second, since the TRB committee effectiveness and usage rates are based
more on conjecture than fact, a sensitivity analysis was performed using variable
effectiveness and usage rates (applies only to safety restraints) ranging from 10 to 100
percent. By performing the analysis in this manner, it demonstrated what parameters are
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critical in determining the relative worth of each safety investment option. An example of
the vacillation in quantifiable benefits associated with numerous effectiveness and usage
rate combinations for lap-belts is provided in Table 41 on page 105.

Table 19
Transportation Research Board Safety Investment Option
Effectiveness and Usage Rates

0.20"

Source:

Tr8tls;portation Reseateh Boa«f. 1989. tmpt'OVing SchOOl Bus~. s:p.sa1 Rtpott No. 222.N&tlonaJ
Safety CouneU, Washington, D.C.

School bus monitors, the only human safety investment option, warrant no capital
and maintenance costs and require only annual operational costs. The other safety
investment options (school bus equipment) involve annual capital lunds as well as annual
operational and maintenance costs. A service life span of 15 years and no residual value
were assumed for each safety investment option. A discount rate of seven percent was
used.
The sensitivity of costs/benefits to selection of a particular discount rate is an area
of considerable debate. The discount rate is defined as "a percentage figure • usually
expressed as an annual rate • representing the rate of interest money can be assumed
to earn over the period of time under analysis.'o4 For example, if the Aorida Legislature,
upon recommendation from the Department of Education, decides to allocate lunds for
Installation of electric crossing control arms on large school buses, it loses the opportunity
to "invest" this money elsewhere. The rate at which this money can be invested

' American Association of State Highway and Transportation Officials. 1977. A Manual on User Benefit
AMiysis of Highway and Bus-Transitlmprove~Mnts. American Association of State Highway and Transportation
Officials, Washington, D.C.
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elsewhere is known as the "opportunity cost of capital. • Therefore, selection of the
discount rate must be sensitive to the •opportunity cost of capital." Depending on the
specifics of a particular analysis, an unsuitable discount rate can lead to erroneous
conclusions.
To alleviate possible debate concerning the choice of a seven percent (7%)
discount rate, a sensitivity analysis was performed on each safety investment option using
discount rates of four percent (4%) and 10 percent (10%). Due to the negligible
fluctuation in quantifiable benefits, the sensitivity analysis allayed concerns that seven
percent (7%) is not an appropriate discount rate for use in this study.
The CBA was performed in constant dollars, not in current dollars. By conducting
the CBA in this fashion, all dollar amounts are assumed to remain at a constant level over
the chosen service life span, thus alleviating each safety investment option from
inflationary pressures. Had current dollars been embraced for the analysis, a higher
discount rate that is indicative of the full current market rate of interest would have been
applied.
The on-board passenger fatality and injury severity data utilized in the CBA were
obtained from the State of Florida Department of Highway Safety and Motor Vehicles.
The data were extracted from the Statewide Traffic Accident Management Information
System (STAMIS) database. This database includes data compiled from traffic accident
reports submitted to the Florida Department of Highway Safety and Motor Vehicles by all
law enforcement agencies investigating traffic crashes in the state. Analysis of these data
revealed that for the six-year period of study (1986-1991), the only years comprehensive
data were available, 1.5 fatalities, 34 incapacitating (A-level) injuries, 209 nonincapacitating
(B-Ievel) injuries, and 515 possible (C-Ievel) injuries occurred on average per year in the
state of Florida to children traveling on large school buses. For additional review of the
injury coding stratagems, refer to Chapter Ill of this report.
The off-board fatality and injury severity data were acquired from the School
Transportation Management Section of the Aorida Department of Education. These data
revealed for the same period of study that 0.66 fatalities, 1 incapacitating injury, 1.3
nonincapacitating injuries, and 3 possible injuries occurred on average each year to
children in the school bus loading and unloading zones. The on-board and off-board
average fatality and injury severity rates for the six-year period of study are summarized
in Table 20.
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Table 20
Average Florida On-Board and Off-Board Fatalities and Injuries, 1986-1991

The formula below is presented to facilitate understanding by the reader of the
quantitative derivation of the total number of large school buses that can be equipped
with a particular safety investment option for a capital expenditure of $1,000,000 per year
per safety investment option. The installation costs, maintenance costs, and the number
of buses that can be equipped will vary for each of the safety investment options. The
service life span (when applicable), the discount rate, and the total number of large school
buses (see Table 18) will remain constant throughout the CBA.

N = _ __,
t,'"'"ooo---",ooo
_ __
I [ d (1 + d)~ ] +M
(1+dt-1

where:

N = number of school buses that can be equipped and
maintained lor a $1,000,000 Investment per year
l = Installation cost per bus
d • annual discount rate
n = service lWe span ol safety investment option
M = annual maintenance cost per bus
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Table 21
Number of Large School Buses In Florida

23.4444

• Aggr.g&tet for large &ehool busn i:n Florida were obtained from the School Trantpottatlon
b

Management Section of the Florida Oepanmtm of Education.
Thlt prtvate latge SChOOl but aggl'tlgite il bued on an estimate provided by the Sctlool
Transportatlon Management Secdon of the Aorida O.partment of Education. The exact numbef
of latgt private school bUMS in Flol'ida ;. unknown.

Each of the nine school bus safety investment options addressed in the CBA
focuses on a particular population of student fatalities and injuries. For example, stop
signal arms are intended to prevent students from being struck by a vehicle other than
the school bus in the loading and unloading zones. They will not allay the number of
fatalities and injuries sustained on-board the school bus during a crash, as will safety
restraints, nor will they protect students who are struck by the front of their own school
bus, as is the intent of the installation of crossing control arms. The data in Table 22
identify the various student populations and the average number of fatalities and injuries
that each safety investment option addresses.
The derivation of the quantitative annual impact the installation of various safety
restraints will have on the possible reduction of fatalities and injuries was performed by
using the following formula:

y

= (K)( U)(R)(N)

T
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where:

y

• quantifiable reduction in fatal~ies and injuries
K = total number of fatalnies
u = percent of safety restraint usage
R = fatality and injury mitigation effectiveness percent
N • number of school buses that can be equipped and
maintained for $1 ,000,000 per year
T = total number of large school buses in Rorida

Table 22
Annual Florida Student Fatality and Injury Populations Addressed by
Each Safety Investment Option
i""';"""~-.~

1.98

$1$

'

Utilizin-g data from the School Bus Loading and Uttloadit1g Sui'Wy compiled by the Kansat
Otpl.l'tn'Wnt of Transportation, It was d~rmlned that two·ttlirda of all student pedestrian fatalities
and Injuries ate caused by children being atruek and kitled by the front of their own school bus.
Similarly, utilizing loading and unloading rone fatality and injury data it wu determined that
approximatety one-third ot all rtudtnt pedtttrlan fataliUet and inJucit1 are caua.d by student&
being Wuc:k and killed by a vehlcl9 other tnan the &Chool but.
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By substituting the average number of fatalities (K) with the average number of
incapacitating injuries, nonincapacitating injuries, and possible injuries and the appropriate
effectiveness rate (R), the quantitative impact of the various safety restraint systems on
the reduction of fatalities and injuries can be calculated.
The computation of the quantitative annual impact of the other safety investment
options on the possible reduction of fatalities and injuries was determine by using the
following formula:

y = (K)(R)(N)
T

where:

Y = quantifiable reduction In latalttles and Injuries
K

e

total number

of latalttles

R = fataltty and Injury mitlgation effectiveness percent
N = number of school buses that can be equipped and
T

maintained for $1,000,000 per year
= total number of large school buses In Florida

Again, by following the substitution procedures outlined above, the quantitative
annual impact on fatality and injury reduction of each safety investment option can be
determined.

RESULTS OF SAFETY COST-BENEFIT ANALYSIS
Lap-BeHs

Information obtained from the Blue Bird Body Company conveyed that the cost of
factory installation of lap-belts on 39-inch-wide seats in large school buses is
approximately $22 per seating position or $1,500 per large school bus. For an investment
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of $1,000,000 per year, 5,008 (21%) large school buses in Florida could be equipped and
maintained with lap-belts.

The TRB committee estimated that lap-belts could potentially reduce fatalities and
injuries by up to 20 percent.5 Also, the same TRB committee estimated that so percent
of the student passengers could be expected to wear the lap-belts. 6 Applying the same
fatality reduction estimate and assumed percent of usage postulates as the TRB
committee, up to 0.032 fatalities that occur in large school buses could be averted each
year in Florida (one fatality prevented every 31 years). Exercising the same inferences,
lap-belts potentially could reduce up to 0. 73 incapacitating injuries, 4.5 nonincapacitating
injuries, and 11 possible injuries each year in Florida. The results are shown in Table 23.

Table 23
Potential lap-BeH Fatality and Injury Reductions
($1 million annual Investment, 5,008 buses)

For an annual investment of approximately $4,700,000, all 23,444 large school
buses in Florida could be equipped and maintained with lap-belts. This undertaking could
potentially save up to 0.15 fatalities annually (one life saved approximately every 7 years).
Similarly, 3.4 incapacitating injuries, 20.9 nonincapacitating injuries, and 51.5 possible
injuries could be prevented or lessened per year. The results are shown in Table 24.

' Transponation Research Board. 1989. improving School Bus Safety. Special Repon No. 222. National
Research Council, Washington, D.C.
6

Ibid.
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Table 24
Potential Lap-Belt Fatality and Injury Reductions
(Installed In all large Florida school buses, 23,444)

~--------~

~~~~

Lap/Shoulder Belt and Lap/Dual Shoulder Belt Restraint Systems
No data concerning a fatality and injury percent reduction figure could be found
in the literature for lap/shoulder be~ and lap/dual shoulder belt restraint systems In large
school buses. Neither restraint system's effectiveness In reducing fatalities and injuries
was investigated by the TAB committee. In 1987, Transport Canada tested both the
lap/shoulder belt and lap/dual shoulder belt restraint systems in a simulated crash
environment utilizing a moveable mechanical sled.7 No fatality and injury percent
reduction figures were reported in the Transport Canada study for either restraint system
(the Transport Canada test is reviewed extensively in Chapter V of this report). From the
sled test results, the Transport Canada researchers were able to draw similar conclusions
for both restraint systems. They noted that:
• head contact with the seat in front was eliminated
• maximum HIC values were below 1000 for both the angled and
frontal collision simulations
Drawing from the resu~ of the Transport Canada study that investigated
lap/shoulder belt and lap/dual shoulder belt restraint systems, it can be logically inferred
that restraint systems that provide an occupant with upper torso restraint in conjunction
with pelvic restraint will reduce fatalities and injuries, particularly Injuries to the face and
head area, to a greater extent than a restraint system that only provides an occupant with
pelvic restriction, as is the case with lap-belts. Therefore, if lap-belts are assumed by the
TRB committee to be 20 percent effective when worn by 50 percent of school bus
occupants, then it is reasonable to assume that lap/shoulder belt and lap/dual shoulder
belt restraint systems could be more effective in reducing fatalities and injuries sustained

1

Farr, G.N. i981 .School Bus SeaJ De-•elopmmt Study. Traffic Safety Standards and Research. Transport
Canada, Ottawa, Ontario, Canada.
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by school bus occupants, perhaps as much as 40 percent and 50 percent effective,
respectively. Uke the TRB committee's effectiveness rates, the effectiveness rates of 40
and 50 percent are based solely on conjecture. No conclusive effectiveness estimates
are readily available.
Installation cost estimates per large school bus for the lap/shoulder belt and
lap/dual shoulder belt restraint systems were obtained from the 1987 Transport Canada
study. 8 The original installation cost estimates were acquired by Transport Canada from
the Blue Bird Body Company in Fort Valley, Georgia. The dollar amounts in the Transport
Canada study were converted to U.S. dollars. A personal communication with G.N. Farr,
the listed author of the Transport Canada study, and a representative from the Blue Bird
Body Company confirmed that the installation costs reported in the study are accurate.
After the Canadian dollars were converted to U.S. dollars, they were adjusted for inflation
to arrive at a representational 1992 installation cost estimate for both restraint systems.
The estimated 1992 installation costs are summarized in Table 25.

Table 25
Installation Cost for Lap/Shoulder Belt and Lap/Dual Shoulder
Belt Restraint Systems

S4.64J.94

For an annual investment of $1,000,000, 2,187 (9%) large school buses could be
equipped and maintained with lap/shoulder belts and assuming lap/shoulder belt restraint
systems are 40 percent effective and will be worn 50 percent of the time, up to 0.028
fatalities (a single life saved roughly every 36 years), 0.634 incapacitating injuries, 3.9
nonincapacitating injuries, and 9.6 possible injuries could be avoided each year. The
results are shown in Table 26.

• lbid.
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Tabla 26
Potential lap/Shoulder Belt Fatality and Injury Reductions
($1 million annual investment, 2,187 buses)

-----~

-=;o=;;=;oo;=;== E~7il

If 1,819 (8%) large school buses could be equipped and maintained with lap/dual
shoulder belt restraint systems for a $1 ,000,000 annual investment and assuming lap-dual
shoulder belt restraint systems are 50 percent effective and will be wom 50 percent of the
time, up to 0.03 fatalities (one life preserved approximately every 33 years), 0.66
incapacitating injuries, 4.05 nonincapacitating injuries, and 10 possible injuries could be
avoided each year. The results are reiterated in Table 27.

Tabla 27
Potential lap/Dual Shoulder Belt Fatality and Injury Reductions
($1 million annual Investment, 1,891 buses)
li"""'"~-==--==--=r

The annual cost to equip and maintain al123,444 large school buses in Florida with
lap/shoulder belt restraint systems is approximately $10,700,000, and the annual cost to
equip and maintain all large school buses in Rorida with lap/dual shoulder belts is
approximately $12,900,000. If all large school buses in Florida where equipped with
lap/shoulder belt restraint systems, up to 0.3 fatalities (one life saved about every 3.3
years), 6.8 incapacitating injuries, 41.8 nonincapacitating injuries, and 103 possible injuries
could be averted each year. Similarly, if lap/dual shoulder belt restraint systems where
installed in ali large Rorida school buses up to 0.4 fatalities (one life saved about every
2.5 years), 8.5 incapacitating injuries, 52.2 nonincapacitating injuries, and 129 possible
injuries could be prevented each year. The results are shown in Table 28.
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Table 28
Potential Lap/Shoulder Belt and Lap/Dual Shoulder
Belt Fatality and Injury Reductions
(Installed In all large Florida school buses, 23,444)
IF""'=-=-

Higher Seat-Backs
For an annual investment of $1,000,000, 36,4321arge school buses (12,988 more
than the total number of large school buses currently operating in Florida) can be
equipped with 24-inch seat-backs ("New York" seats) instead of the standard 20-inch seatbacks as measured from the seating reference point (SAP) currently used in large Florida
school buses (the SAP is the point at which the human torso and thigh pivot). According
to the Blue Bird Body Company, higher seat-backs would cost approximately $250 to
install per large school bus. According to the TAB committee, these devices do not
require an annual expenditure for maintenance.
The TAB committee estimated higher seat-backs could be as much as 20 percent
effective in reducing fatalities and injuries sustained by school bus occupants.9 Utilizing
the TAB committee effectiveness estimates, higher seat-backs could reduce up to 0.466
fatalities (one life saved approximately every 2.1 years), 10.6 incapacitating injuries, 65
nonincapacitating injuries, and 160 possible injuries each year in Aorida. The results are
indicated in Table 29.

9

Transportal ion Research Board. 1989. cp cil.
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Table 29
Potential Higher Seat-Back Fatality and Injury Reductions
($1 million annual Investment, 36,432 buses)
~----

To equip the entire large school bus fleet in Florida with 24-inch seat-backs as
measured from the SRP would cost approximately $650,000 annually. Such a venture
could reduce 0.3 fatalities (one life saved approximately every 3.3 years), 7 incapacitating
injuries, 42 nonincapacitating injuries, and 104 possible injuries per year. The results are
noted in Table 30.

Table 30
Potential Higher Seat-Back Fatality and Injury Reductions
(Installed In all large Florida school buses, 23,444)
~'!'!!'

Adult School Bus Monitors
The TRB committee suggested that monitors on school buses are 25 to 75 percent
effective in preventing or reducing fatalities and injuries, both on-board and off-board the
school bus. 10 Therefore, a monitor program budgeted at $1,000,000 per year could
stafl261 (1%) large school buses in Florida with adult monitors (assuming $3,825.00 per
monitor per school year - hired at the rate of $4.25 per hour (minimum wage), working
5 hours per day, 180 days per year). If 261 large buses are staffed with monitors, 0.006
to O.Q18 fatalities could be avoided each year (on-board and off-board) utilizing the TRB
effectiveness rates of 25 to 75 percent. At 25 percent effective, one life can be saved
every 167 years and, at 75 percent effective, one life can be saved every 55 years.

'

0

Ibid.
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Similarly, for an annual investment of $1,000,000, adult school bus monitors oould prevent
0.09 to 0.3 incapacitating injuries, 0.58 to 1.8 nonincapacitating injuries, and 1.44 to 4.3
possible injuries per year. The results are presented in Table 31.

Table 31
Potential Adult School Bus Monitor Fatality and Injury Reductions
($1 million annual investment, 261 buses)
rr=========~

~~~~~~~~~

If each of the 23,444 large school buses in Florida were to be staffed with adult
monitors, it would cost approximately $89,673,300 annually. A statewide program of that
magnitude could potentially save 0.54 to 1.61ives (one life preserved approximately every
1.85 and 0.625 years, respectively) and lessen 9 to 26 incapacitating injuries, 53 to 158
nonincapacitating Injures, and 130 to 389 possible injuries per year. The results are
reoounted in Table 32.

Table 32
Potential Adult School Bus Monitor Fatality and Injury Reductions
(all 23,444 large school buses staffed with adult monitors)
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Electric Crossing Control Arms
The installation oost of electrically,actlvated crossing oontrol arms (Florida permits
electric operation only) is approximately $350 per large school bus, according to the Blue
Bird Body Company. Assuming that an electric crossing oontrol arm can be purchased
and installed for $350 per large school bus and maintained at an annual oost of $25 per
year, approximately 15,766 (67%) large school buses in Aorida can be equipped and
maintained with electric crossing control arms for an annual investment of $1,000,000.
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If these devices are 5 to 25 percent effective in reducing fatalities and injuries11 (as
assumed by the TRB committee) that occur when children are struck by the front of their
own school bus, they could possibly prevent 0.0148 to 0.074 fatalities (one life every 68
to 14 years, respectively), 0.0221 to 0.111 incapacitating injuries, 0.0289 to 0.145
nonincapacitating injuries, and 0.067 to 0.333 possible injuries each year. The fatality and
injury reduction estimates are reiterated in Table 33.

Table 33
Potential Crossing Control Arm Fatality and Injury Reductions
($1 million annual Investment, 15,n& buses)
~r-=---==

All 23,444 large school buses operating in Aorida can be equipped with electric
crossing control arms tor about $1,487,000 annually. Equipping all large school buses
with these device could potentially reduce 0.022 to 0.11 fatalities (one life approximately
every 45 to 9 years, respectively), 0.033 to 0.164 incapacitating injuries, 0.0429 to 0.214
nonincapacitating injuries, and 0.1 to 0.5 possible injuries each year. The results are
repeated in Table 34.

Table 34
Potential Crossing Control Arm Fatality and Injury Reductions
(Installed on all large Florida school buses, 23,444)
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External Loud Speaker Systems

External loud speaker systems, allowed as optional equipment on large Florida
school buses, can be installed for approximately $250 per large school bus, according
to the Blue Bird Body Company. The purpose of external loud speaker systems is to
allow the driver to warn children in the loading and unloading zones of impending danger
when attempting to cross the street. Assuming an annual maintenance cost of $15 per
year per school bus, approximately 18,717 (80%) large school bus can be equipped and
maintained with these devices at an annual cost of $1,000,000. When properly used and
maintained, external loud speaker systems are assumed by the TAB committee to be 20
percent effective12 in reducing off-board fatalities and injuries. Utilizing the TAB
committee effectiveness rate, these devices could potentially prevent up to 0.035 fatalities
(one life saved roughly every 29years), 0.05 incapacitating injuries, 0.07 nonincapacitating
injuries, and 0.16 possible injuries each year. The reduction in fatality and injury results
are shown in Table 35.

Table 35
Potential External Loud Speaker System Fatality and Injury Reductions
($1 million annual Investment, 18,717 buses)
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The cost to equip and maintain the entire large Florida school bus fleet with these
devices would cost approximately $1,250,000 annually. An investment of this magnitude
could reduce 0.044 fatalities (one life saved approximately every 23 years), 0.07
incapacitating injuries, 0.09 nonincapacitating injuries, and 0.2 possible injuries per year.
The results are recounted in Table 36.

12

Ibid.
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Table 36
Potential External Loud Speaker System Fatality and Injury Reductions

(Installed In all large Florida school buses, 23,444)
F-----~--~
~m

Dual Stop Signal Arms
According to Blue Bird Body Company, dual stop signal arms (required in Florida)
can be installed on large school buses for approximately $475 per school bus. Utilizing
an installation cost of $475 and an assumed annual maintenance cost of $15 per year per
school bus, about 14,892 (64%} large school buses in Florida can be equipped and
maintained with dual stop signal arms for an annual expenditure of $1,000,000.
The TRB committee assumed stop signal arms could be up to 30 percent effective
in r3ducing fatalities and injuries to school children in the school bus loading and
unloading zones. 13 The TRB committee did not state in its analysis whether the 30
percent effectiveness rate applied to dual stop signal arms or single stop signal arms.
Nevenheless, by applying the 30 percent effectiveness rate assumed by the TRB
committee to dual stop signal arms up to 0.042 fatalities (one school bus occupant saved
approximately every 24 years), 0.063 incapacitating, 0.082 nonincapacitaling, and 0.2
possible injuries could be prevented each year. The results are shown in Table 37.

Table 37
Potential Dual Stop Signal Arm Fatality and Injury Reductions
($1 million annual Investment, 14,892 buses)

" Ibid.
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For approximately $1,575,000 annually, all 23,444 large school buses in Florida
could be equipped with dual stop signal arms. This expenditure could potentially save
up to 0.07 fatalities (one life saved approximately every 14 years), 0.1 incapacitating
injuries, 0.13 nonincapacitating injuries, and 0.3 possible injuries per year. The results are
displayed in Table 38.

Table 38
Potential Dual Stop Signal Arm Fatality and Injury Reductions
(Installed In all large Florida school buses, 23,444)

Rearward-Facing Seats with Lap-Belt

The concept of school bus seats positioned so that school bus occupants travel
in a rearward-facing manner has been contemplated on several occasions as a possible
Improvement to occupant safety. The 1972 UCLA Series II tests that investigated
rearward-facing seats without lap-belts reported that:
there appears to be no safety advantage for school children to face
rearward; other factors, such as increased passenger monitor problems
and the greater probability of motion sickness, make consideration of
rear-facing seats additionally unattractive. 14
Dissimilar conclusions regarding the feasibility of rearward-facing seats with lapbelts in large school buses were reached by Transport Canada. ' 5 Sled test results
revealed that rearward-facing seats with lap-belts can provide increased safety to school
bus occupants. Both HIC and chest acceleration values were considerably lower than

"Wojcik, C.K. and L.R. Sandes. 1972.School Bus StaJ Restraint and Seal Anchorage Systems. Institute of
Transportation and Traific Engineers, School of Engineering and Applied Science, University of Clliforn.ia at
Los Angeles, California.
" Bunch et al. 1989. 84ckground Paper on School Bus Occupant Protection in CQJIOiJa. Traffic Safety
Standards and Research, Transport Canada, Ottawa, Ontario, Canada.
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the other seating designs tested by the Transport Canada team (for a review of the
alternative seat designs tested by Transport Canada, refer to Chapter V of this report).
Farr, reiterating the potential gain afforded by rearward-facing seats with a lap-belt stated,
"the rearward-facing seat was effective in reducing all injury levels to acceptable
values." 18
In addition to performing a sled test, the Transport Canada researchers further
investigated the concept of rearward-facing seats with a lap-belt by conducting a
demonstration project. From the results of the demonstration project, the Transport
Canada researchers were able to surmise that although "there were some complaints of
students feeling ill because they were facing rearwards... they overcame the problem in
a few days. The students seemed very adaptable to the rear-facing concept." 17
No percent effectiveness figure, expressed in terms of a potential reduction in
fatalities and injuries, for the rearward-facing seat with a lap-belt concept is identified in
the literature. The TRB committee suggested that forward-facing seats with a lap-belt are
20 percent effective when worn by 50 percent of school bus occupants. Drawing from
the results of the Transport Canada tests in 1987 and utilizing the TRB committee's
effectiveness rate as a base, rearward-facing seats with a lap-belt could be 20 to 55
percent effective in reducing fatalities and injuries sustained by school bus occupants.
The 55 percent effectiveness figure was assumed, based on the fact that the rearwardfacing seats with a lap-belt resulted in considerably lower HIC and chest acceleration
values the other seating designs tested by Transport Canada, outperforming even the
three-point and multiple-point restraint systems. The TAB committee's lap-belt usage rate
of 50 percent was utilized.
For an annual Investment of $1,000,000, 2,654 (11%) large school buses in the
state can be equipped and maintained with rearward-facing seats with lap-belts, assuming
an installation cost of $3,113.26 and an annual maintenance cost of $35 per large school
bus. The installation costs were obtained from the 1987 Transport Canada study. The
identical procedures were followed for estimating installation costs as performed for the
lap/shoulder belt and lap/dual shoulder belt restraint systems. The maintenance costs
are assumed to be the same as the forward-facing seat with a lap-belt. Installation of

"Fan, G.N.l987. op cit.
11

Ibid.
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rearward-facing seats with lap-belts in 2,654 large school buses could potentially reduce
up to 0.0169 to 0.0466 fatalities (one life saved approximately every 60 to 21 years,
respectively), 0.38 to 1.06 incapacitating injuries, 2.37 to 6.5 nonincapacitating injuries,
and 5.8 to 16.03 possible injuries per year in Florida. The results are shown in Table 39.

Table 39
Potential Rearward-Facing Seat with lap-Belts
Fatality and Injury Reductions
($1 million annual Investment, 2,654 buses)

If rearward-facing seats with a lap-belt were to be installed and malntained in all
Florida large school buses it would cost approximately $8,900,000 annually. Such an
endeavor could potentially prevent up to 0.15 to 0.4124 fatalities (one life preserved
roughly every 6.6 to 2.4 years, respectively), 3.4 to 9.34 incapacitating Injuries, 20.9 to
57.4 nonincapacitating injuries, and 51.5 to 141.6 possible injuries each year. The results
are shown in Table 40.

Table 40
Potential Rearward-Facing Seat with lap-Belts
Fatality and Injury Reductions
(Installed in all large Florida school buses, 23,444)
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SAFETY COST-BENEFIT ANALYSIS SYNOPSIS

Based on the results of the CBA the installation of safety restraints in large school
buses was not positive and somewhat unanticipated, given the weighty evidence that
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occupants benefit greatly from the use of safety restraints in passenger cars.' 8 This
may be explained by the following reason: the inherent safety of large Aorida school
buses is symptomatic of a low vehicle accident rate per miles traveled and a low base
rate of fatai and serious injuries among those occupants involved in these accidents.
Therefore, the potential benefits (prevention of fatalities and reduction of injuries) from the
installation of safety restraints in large school buses, or tor that matter the installation of
any other safety investment option, cannot be expected to be great.
In interpreting the results of the CBA, two methodological caveats should be taken
into consideration by the reader. The most serious problem is the uncertainty regarding
the percent effectiveness figures for the nine safety investment options under analysis.
An attempt was made to sidestep this problem by basing calculations on the same
effectiveness rate assumptions used by the TRB committee. 19 This lack of concrete
evidence conceming the effectiveness of safety restraints and other safety investment
options for large school buses emphasizes the importance of this issue. There is a need
for a comprehensive study to compare the fatality and injury rates among belted and
unbelted school bus occupants to decisively determine their safety potential. In addition,
a comprehensive study should be conducted to determine the protective effect of other
currently available and feasible safety investment options for large school buses. This
may become a reality as more school districts and states equip school buses with safety
restraints and other safety investment options.
Second, in trying to gauge the likely error in derived annual quantifiable benefits
resulting from a specific parameter selection, a sensitivity analysis was conducted with
reference to three important parameters:
• the discount rate
• usage rates
• effectiveness rates

As noted earlier, the use of discount rates of four percent (4%) and ten percent
(10%) had a negligible effect on quantifiable benefits. However, the use of effectiveness

"The Urban Institute. 1991 .The Costs ofHighwayCrashts. Office of Safety and Traffic Operations Research
and Design, Federal Highway Administration, Mclean, Virginia.
" Transponation Research Board. 1989. op cit.
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and usage rates (applies only to safety restraints) ranging from 10 to 100 percent
illustrated that the quantifiable benefits derived from each safety investment option are
very "sensitive• to these particular parameters. For example, in Table 41, if lap-belts are
assumed to be 60 percent effective when worn by 50 percent of school bus occupants,
up to 0.0961 fatalities might be prevented. Moreover, if lap-belts are assumed to be 60
percent effective when worn by 60 percent of school bus occupants, up to 0.1538
fatalities could be prevented per year for an annual Investment of $1,000,000. In contrast,
if lap-belts are assumed to be 20 percent effective when worn by 20 percent of school
bus occupants, up to 0.0128 fatalities can be prevented every year (one life saved
approximately every 78 years) for the same annual investment. Tables 49 through 69,
contained In Appendix B, provide a breakdown by safety investment option (per
$1,000,000 annual investment) the injury severity reductions generated by the variable
effectiveness and usage rate combination sensitivity analysis. In addition, a listing of the
injury severity reductions utilizing variable effectiveness and usage rates that can be
expected to result by each safety investment option if they are installed in and on all
public sector operated large school buses (14,008) is provided in Tables 70 through 90
in Appendix C.
Table 41
Variable Effectiveness and Usage Rates as Applied to
Lap-Belt Fatality Prevention

-~

O.J/JJ

0.1»84

The graphs In Figure 15 depict, utilizing the upper limit of effectiveness for each
safety investment option, the potential reduction in fatalities, incapacitating injuries,
nonincapacitating injuries, and possible injuries afforded by each safety investment option
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per $1,000,000 annual investment. By comparing the figures, it is immediately apparent
that the use of higher seat-backs in large school buses offers the most safety protection
to school bus occupants per dollar invested.

Figure 15
Florida School Bus Occupant Injury Severity Reduction
by Safety Investment Option
Lap-Belts
Three-point restraint
Multiple-restraint
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Aduh school bus
Crossing control arms·
Dual stop signal arms·
Extemal loud speakerr :~~~~b~~:
Rearward-facing seats w,
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90
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The next table, Table 42, shows each safety investment option's rank according
to its potential to prevent fatalities and reduce injuries sustained by Florida school bus
occupants. To clarify Table 42 for the reader, a brief explanation follows. In terms of
potential fatality prevention for a specified annual outlay of capital, higher seat-backs
received the highest rank (#1) and adult school bus monitors received the lowest rank
(#6). This was determined by comparing the actual number of fatalities prevented and
injuries reduced by each safety investment option per dollar invested. For example,
higher seat-backs will potentially prevent the greatest number of annual fatalities (0.3), and
therefore they were ranked number one (#1 ). In determining the overall rank, each safety
investment options rank for each injury severity level was aggregated, i.e., higher seatbacks received the highest rank (#1) for each injury severity level. This resulted in an
aggregate of four (4) for higher seat-backs. The lower the aggregate, the higher overall
rank each safety investment option received. To simplify, the aggregate for higher seatbacks equals four (4), the smallest aggregate, thereby giving these devices the highest
overall rank (#1). In contrast, dual stop signal arms received the largest aggregate (30),
thereby giving them the lowest overall rank (#8).
In conclusion, the researchers determined using results obtained from the CBA that
higher seat-backs are the safety investment option that could offer the most benefits in
terms of fatalities prevented and injuries reduced per year per dollar invested. Similar
conclusions were reached by the TAB committee. Higher seat-backs have the potential
to prevent up to 0.3 fatalities, 7 incapacitating injuries, 42 nonincapacitating injuries, and
104 possible injuries per year per $650,000 annual investment. In addition, higher seatbacks are also highly cost effective; for an annual capital expenditure of only $650,000,
all 23,444 large school buses in Florida can be equipped with these devices. The results
of the CBA are summarized in Table 43.
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Summary of Annual Fatality and Injury Reduction for Each Safety Investment Option
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annual expenditure of $1 ,000,000 would be unrepresentative of their potential effect 011 fatality and l:njury reduction to Aorlda school bus occupants.

109

Chapter VIII

DESCRIPTIVE ANALYSIS OF FLORIDA SCHOOL BUS ACCIDENTS

Tile analysis contained in this section is based on the supposition that impact
mode (i.e., direction of impact) Is directly related to the severity of injury sustained by
school bus occupants. To determine the potential effectiveness of safety restraints in
large Florida school buses, two objectives were defined:
• determine the frequency and distribution of accidents by impact mode; and
• determine occupant injury severity by impact mode.
Tile analysis of Florida school bus accidents utilized data obtained from the State
of Aorida Department of Highway Safety and Motor Vehicles for the years 1986 to 1991
(the only years comprehensive data were available). Tile data were extracted from the
Statewide Traffic Accident Management Information System (STAMIS) database. TI'Iis
database includes accident data compiled from traffic accident reports submitted to the
State of Florida Department of Highway Safety and Motor Vehicles.
While there are many possible impact modes (the State of Florida classifies 35) in
which to determine potential safety restraint system effectiveness, the literature and our
analysis of accident frequency make it clear that four impact modes are relevant to
determining potential safety restraint effectiveness. TI'Iese include:
•
•
•
•

frontal impacts
side impacts
rear-end impacts
rollovers

IMPACT MODE DYNAMICS

Frontal Impacts
A school bus passenger not wearing a safety restraint in a frontal impact would
have a tendency to slide forward and strike the seat-back ahead with the upper torso and
knees. Due to "compartmentalization," Farr explains, "this results in the forces being
110

spread more evenly over the upper torso."' In contrast, an occupant restricted by a
restraint system Oap-belt) would bend forward Oackknife) and strike the top of the seatback ahead with the head, face, and chest, thereby increasing the forces exerted on the
head, face, and chest. Farr concludes from the 1985 Transport Canada crash test "In
general, the results indicated that the belted dummies experienced higher head and lower
chest accelerations than did the unbelted ones."2 Farr explains:
In the large bus [those buses having a gross vehicle weight greater than
10,000 lbs.] all dummies experienced HIC values of less than 1000 but
the restrained ones experienced values approximately 3 times greater
than those for the unrestrained ones. This difference can be explained
by the fact that the restrained dummies' heads struck the seat-backs in
a manner that did not permit efficient energy absorption by those seatbacks. Sharp peaks in the head acceleration traces indicate that the
dummy heads compressed the seat-back padding to such a degree that
they "bottomed out" on the steel structure underlying the padding in the
seat.3

Side Impacts
Numerous conclusions regarding the effectiveness of safety restraints in side
impact collisions have been reached. Thomas Built Buses concluded that "in the side
impact tests, compartmentalization appears to wor1< ...and seat belts [lap-belts] would not
make any significant difference one way or another, as far as head or chest injuries.'' 4
Without the presence of any other lateral support such as an aisle armrest, an occupant
restrained by a lap-belt might be bent over sideways and suffer abdominal injuries. Ursell
states that:
During side impacts, passengers sitting against the side wall of the bus
facing forward with seat belts [lap-belt) fastened might actually be better
1

Farr, G.N. 1985. School Bus Safel)' Study - Volume l . Traffic Safe<y Standards and Research, Transport
canada, Onawa, Ontario, Canada.
2

Ibid.

, Ibid.
' "The Tho mas Tests Confirm Canadian Results.· 1985. School Bus Flett 30 (3).
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off than those sitting next to the aisle. The aisle passenger has no aisle
support whatsoever and will simply pivot about the belt line and bend out
into the aisle area until he strikes the passenger across the aisle or seat
across the aisle.5
During side impact collisions, safety restraint use will assure that the passenger
remains in the seat, providing the belt's integrity is not compromised or worn too loosely
by the occupant. Assuming the occupant is not seated in the direct impact zone, safety
restraints might prevent the occupant from sustaining further injury by not permitting him
or her to be thrown out of the seat in a side impact collision.
Rear-End Impacts
Inadequate data are available regarding the ramifications of safety restraint
effectiveness in rear-end impact collisions. In rear-end impact collisions, seat-back height
not safety restraints, constitutes the criticai element of passenger protection because the
passengers' energy is absorbed through contact with the seat-back. Severy et al. point
out that:
For the rear-end collision, lap-belted passengers respond slightly
differently from unbelted passengers, but this factor was not nearly as
important as was the height of the seat-back. Lap-belts should not be
used for low seat-back units because their use substantially increases
the highly adverse forces to the spinal column resulting from whiplash
and they virtually assure severe head or neck Impacts with the low
backrests ahead. 6
Severy et al., however, made their statements ten years before FMVSS 222 was enacted.
Adams, reinforcing Severy et al. 's view on proper school bus seat-back height, states
"The height and contour of the top front of the seat-back must be such that the neck and

' Ursell, C.R. 1977. A Study Relating to StaJ Belts for Use in Buses. Soulhwest Research Institute, San
An!onio. Texas.
Severy et al. 1967. School Bus Passenger Protection. Institute of Transponation and Traffic Engineering,
University of California, Los Angeles, California.
6
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lower back of the head are adequately supported during impact."7 Since 1967, there
have been no full-scale rear-end impact crash tests or sled test simulations that
investigated school bus seats that conform to FMVSS 222. It is uncertain how school bus
seats with a seat-back height of 20 inches (or higher) as measured from the seating
reference point would perform under testing situations.

Rollovers
Addressing passenger dynamics during rollover accidents, NTSB stated:
...lap-belted passengers seated away from the side on which the bus
comes to rest gains some measure of protection, since they will not be
flung to that side and sustain the ground impact; lap-belt use will not
protect passengers seated on the near side, however. 8
In the NTSB investigation of 43 school bus accidents, relievers accounted for a
higher percentage of school bus passenger injuries than non-relievers, but not to the
degree anticipated by the study team. The Safety Board explained, • ...nearly 86 percent
of all the school bus passengers involved in rollover crashes were either uninjured or
received only minor injuries." Discussing the expected events during a rollover accident,
NTSB reported that:
.. .lap-belted passengers will be free to strike one another during the
rollover and to hit the windows, side walls, and seat-backs during the
rollover. Contacts with flying objects, such as broken glass, books, and
lunch pails, also will not be prevented by lap-belt use. If the roof crushes
at their seating position, lap-belt use will be of little benefit, and may, in
fact, increase chance of injury.9

'Adams, L. l91S.School Bus P®engtrStoJ Testing. U.S. Depanment ofTr:ansponation, National Highway
Traffic Safety Administr.uion, Washington, D.C.
' National Transportation Safety Board. 1987. Safety Study - Crashwonhiness of lArge Poststandord School
Buses. Bureau of Safety Programs, Washington, D.C.
9

Ibid.
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UCLA researchers Wojcik and Sandes, commenting on the effectiveness of safety
restraints in rollover accidents, stated, "This does not mean that lap-belts would be of
substantial assistance where collisions include bus upset, providing extrication processes
can be perfected to allow rapid evacuation of a fully loaded, overturned bus."10
In sum, available research on frontal and rear-end impact collisions does not
produce a discerning result favorable to safety restraint installation in large school buses.
Research on side impact collisions, however, appears to indicate that installation of lapbelts would be slightly beneficial, contingent upon the occupants not being seated in the
direct impact zone during an accident. In rollover collisions, available research tends to
be based more on conjecture !han fact. Deductions favoring lap-belt use in rollover
accidents are grounded on !he benefits of diminishing 'tossing about" and eliminating
partial and, in rare instances, full ejection of passengers.

ANALYSIS OF FLORIDA SCHOOL BUS ACCIDENT DATA
Florida school bus accident data reinforce !he widely known fact that school bus
accidents that result in fatal or serious injuries to bus occupants are rare events. In the
six-year period of study, there where 4,732 accidents involving large school buses in
Florida that resulted in 9 fatalities {five of the fatalities were the result of a single accident)
and 202 incapacitating Injuries to school bus occupants. There were a total of 44,438
school bus passengers involved in these 4, 732 recorded accidents.
In Table 44, !he frequency of accidents by frontal impact, rear-end impact, side
impact, and rollover are identified. As reported in Table 44, 63 or 1.3 percent of all school
bus accidents In Florida during the six-year period of study were frontal in nature. Table
44 also illustrates !hat a higher proportion of accidents involving school buses in Florida
were either rear-end or side impact collisions - 1,482 {31.3%) and 1,334 (28.2%),
respectively. School bus accidents that resulted in rollovers constituted the smallest
proportion of all accidents possibilities. Of the 4,732 reported accidents between 1986
and 1991, only 15 {0.32%) involved an overturned school bus.

10

Wojcik, C.K .• and L.R. Sandes. 1912.Sclwol Bus Sta1 RestraiTU and Seot Anchorage Sysr<ms. Institute of
Transportation and Traffic Engineers, Univernity of California at Los Angeles, California.
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Table 44
Florida Large School Bus Accident Frequency Based
on Impact Mode, 1986-1991

Table 45 provides a frequency distribution of the level of injury severity sustained
by school bus occupants in the 4, 732 accidents that involved school buses. Over the sixyear period of study, 9 (0.02%) fatalities, 202 (0.45%) incapacitating injuries (A-level),
1,251 (2.8%) nonincapacitating injuries (B-Ievel), 3,091 (7%) possible injures (C-Ievel), and
39,878 (89.7%) no injuries (none) were reported. A total of 7 (0.015%) Injuries sustained
by school bus occupants were of unknown severity. The categories of injury severity are
described in detail in Chapter Ill of this report.
In Table 46, the distribution of fatalities, incapacitating injuries, nonincapacitating
injuries, possible injuries, and no injury (none) are Identified according to Impact manner
for the six-year period of study, beginning with 1986 and ending with 1991. These data
represent the actual number of school bus occupants that sustained a particular level of
injury as determined by one of the four impact modes. The figures for side impact
collisions were derived by using the aggregate of angle and sideswipe impacts as
provided by the STAMIS database.

Table 45
Large Flortda School Bus Occupant Injury
Severity by Year
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Table 46
Large Florida School Bus Occupant Injury Severity Based
on Impact Mode, 1986-1991

lncapacHating Injuries
By comparing the figures in Tables 44 and 46, one finds that frontal impact
collisions represent the second smallest number (63 or 1.3%) of all injury-producing
school bus accidents, but account for a disproportionate number (11.15 to 1 ratio) of
incapacitating injuries to school bus occupants . Rollover accidents represent the
smallest proportion {15 or 0.32%) of all injury-producing school bus accidents, but
account for the second highest proportion (9.375 to 1) of incapac~ating injuries to school
bus occupants. In contrast, rear-end and side impact collisions account for 1,482 (31.3%)
and 1,334 (28.2%) of all injury-producing school bus accidents, respectively, but result in
the smallest proportion (1 to 1 and 1.81 to 1, respectively) of incapacitating injuries
sustained by school bus occupants.

Fatal Injuries
The nine reported deaths of school bus passengers were the result of three school
bus accidents. Due to this small number of accident cases, it was possible to obtain and
review the actual accident reports for each of the three accidents. Excerpts were taken
from the accident report narratives to better judge whether or not the deaths could have
been prevented had safety restraints been available. The dynamics of the three accidents
are recounted in the succeeding paragraphs.
On August a, 1987, in Levy County, Rorlda, five school bus passengers where
fatally injured in a single accident that involved a side impact collision. The school bus
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was struck in the left front by a 1985 Ford truck traveling at an estimated 40 mph. The
accident narrative states:
V[ehicle]-1 [a 1985 Ford truck] was northbound on CR.C-337. V[ehicle]2 [school bus] was westbound on CR.C-32. V-1 failed to stop for posted
stop sign. V-1 and V-2 collided in the intersection. V-1 struck the left
front of V-2 with the right front of V-1. After impact V-1 rotated
counterclockwise and struck the rear of V-2 as it was traveling northwest.
V-2 struck an embankment with its front. V-1 traveled approximately 65
feet to final position of rest facing south. V-2 traveled approximately 79
feet to final position of rest. 11
Due to the violent nature of this accident, it is doubtful that a safety restraint system
of any design would have made a difference to the outcome. A personal communication
with William Schroyer of the School Transportation Management Section of the Florida
Department of Education on November 3, 1992, reinforced the opinion that the damage
to the school bus was so severe that a safety restraint system of any type would not have
altered the tragic result.
On November 2, 1988, in Miami Beach, Florida, a single school bus occupant was
fatally injured as a result of the school bus being backed into by a 1979 Ford truck. The
narrative contained in the traffic accident report states:
Vehicle #1 [school bus] was westbound on 1000 block North Shore
Drive. Vehicle #2 [1979 Ford truck], facing north, was attempting to
back out of a private driveway at 1075 North Shore Drive. The right rear
corner of vehicle #2 struck the right side of vehicle #1 , penetrating to the
interior of vehicle #1. 12
Due to penetration by the 1979 Ford truck into the interior of the school bus, it is
doubtful whether safety restraints could have prevented the school bus occupant from
being fatally injured.

11

Florida Traffic Accident Repon #091952564.

" Florida Traffic Accident Repon # 112866868.
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On October 14, 1991, in Miami, Aorida, two students and one adult subsequently
died when their school bus was struck squarely in the windshield by a tire rim and brake
drum assembly that had detached from a vehicle traveling in the opposite direction. The
reporting officers traffic accident narrative states:
Vehicle #1 (a 1986 Mack truck] was traveling westbound on S.R. #836
in the second lane from the concrete barrier wall. Vehicle #2 (a private
school bus]... was traveling eastbound on S.R. #836 in the third lane from
the concrete barrier wall. It appears that the left front wheel bearing on
vehicle #1 disintegrated, causing the left front tire rim and brake drum to
separate. The left front tire rim and brake drum from vehicle #1
separated from the spinner, and bounced off the westbound portion of
the roadway over the concrete barrier wall into the eastbound portion of
the roadway. The tire rim and brake drum then bounced off the
eastbound portion of S.R. #836 into the path of the oncoming vehicle
#2. The tire rim and brake drum crashed into the front windshield of
vehicle #2; as it entered it shattered glass and crumpled the roof of
vehicle #2 upward. After the tire rim and brake drum entered vehicle #2,
it crashed into the first, second, and third seats on the right side of
vehicle #2. Two (2) students were killed instantly. These studentS
occupied the first and second aisle seats on the right side of vehicle #2.
The tire rim and brake drum then crashed into an adult sitting in the third
alsle seat and a student beside her. Both were critically injured. The tire
rim and drum came to rest on top of the last two victims. 13
Two weeks after the incident, the adult expired as a result of the injuries sustained in the
accident.
It is the opinion of the researchers that safety restraints of any configuration and/or
design, had they been available, would not have prevented these fatalities, given the
nature of the accident.

"Florida Traffic Accident Repon #15370415.
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Nonincapacitating, Possible, and No Injuries
In frontal impact collisions, 96 percent of the Florida school bus occupants were
either uninjured or received minor or moderate injuries. In side impact collisions, 99
percent of the Florida school bus occupants were either uninjured or received minor or
moderate injuries. In rear-end impact collisions, 99 percent of the Florida school bus
occupants were either uninjured or received minor or moderate injuries. Lastly, in the
rollover accidents, 97 percent of the Florida school bus occupants were either uninjured
or received minor or moderate injuries. The graphs in Figure 16 reiterate the above
statements.

Figure 16
Florida School Bus Occupant Injury Severity
Based on Impact Mode, 1986-1991
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ACCIDENT DATA ANALYSIS SYNOPSIS
An analysis of all injury and non-injury producing school bus accidents in Florida
between the years 1986-1991 were investigated to determine if there was an obvious
need for installation of safety restraints in large school buses. An attempt was made to
determine whether or not the fatal and nonfatal injuries sustained by school bus
occupants could have been prevented or lessened had safety restraints been available.

In short, the data do not provide conclusive proof that safety restraints are needed
in large school buses in the state of Aorida. Rather, the large number of school bus
occupants that were either uninjured or received minor or moderate injuries simply
reiterates that school buses are a safe mode of surface transportation. Moreover, the
availability of safety restraints to those school bus occupants who were fatally injured was
rendered moot, since the nine fatalities most likely would have occurred even if the school
bus occupants had been belted. The fact that only 9 (0.02%) fatalities and 202 (0.45%)
incapacitating injuries were sustained by the 44,438 school bus occupants involved in the
4,732 school bus accidents confirms the effectiveness of the safety investment options
already available on large Aorida school buses and the reality that serious accidents
involving school buses are extremely rare occurrences.
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Chapter IX

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH

Based upon an extensive review of pertinent literature, the results of the safety
cost-benefit analysis (CBA), and the results of the descriptive analysis of Florida school
bus accident data, it was concluded that requiring the installation of safety restraints of
any configuration andjor design will not significantly improve the overall safety
performance of large Florida school buses. The potential benefits measured in absolute
terms Q.e., a quantifiable number of student deaths prevented and injuries reduced) to be
derived from the installation of various safety restraint system types were shown to be
diminutive.
Table 4 7 denotes the potential fatalities prevented and injuries reduced by the
various safety restraint systems under evaluation. The low number of fatalities and injuries
e~her prevented or reduced, in large part, is due to the fact that the fatality and injury rate
base that safety restraints can affect is small. This diminutive fatality and Injury base rate
reconfirms the effectiveness of the safety investment options already being utilized on
large Florida school buses (dual stop signal arms, crossing control arms, etc.) and the
reality that serious accidents involving school buses in Florida are extremely rare
occurrences.

Table 47
Summary of Potential Safety Restraint System Fatality and Injury Reductions
($1 million annual Investment)

--Lifo
I of YaJn 10

2,187(')'11>1
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As concluded by NTSB in an analysis of the crash performance of large school
buses in 1987, "...large school buses are an extremely safe form of transportation when
compared to other modes of transportation."' The exemplary safety record of school
buses, however, should not imply that safety improvements to large Florida school buses
be precluded.
To this end, this analysis has shown that safety investment options other than
safety restraints (of any configuration and/or design) are more beneficial in terms of their
potential ability to prevent fatalities and reduce injuries per dollar invested. Based on the
results of the cost-benefit analysis, it was concluded that higher seat-backs ("New York"
seats) offer the greatest potential to prevent fatalities and reduce injuries sustained by
Aorida school bus occupants per dollar invested. In addition, other safety investment
options have been determined to hold promise in terms of their fatality prevention and
injury severity reduction potential. These include crossing control arms and rearwardfacing seats with lap-belts. It is recommended that these safety investment options be
considered for further study.
RECOMMENDATIONS FOR FURTHER RESEARCH
Higher Seat-Backs

As mentioned, the results of the CBA showed that 24-inch high seat-backs ("New
York" seats) as measured from the seating reference point possess the greatest potential
to prevent fatalities and reduce injuries sustained by Aorida school bus occupants per
dollar invested. Similar conclusions were reached by the Transportation Research Board
committee that investigated school bus safety.2 However, these devices may not be the
panacea for providing optimal school bus occupant safety. Several caveats have been
identified with their use in non-Type A school buses. These include: 3

1

National Transponation Safety Board. 1987. Safety Study- Crashworthiness of Large Poswandard School
Buses. Bureau of Safety Programs, WashingtoD, D.C.
1

Transporwion Research Board. 1989./mproving School Bus Safety. Special Repon No. 222. National
Research Council, Washington, D.C.
'"Bid for Higher Stat Backs Fails at National Standards Conference." 1990. School TranspcrtaJion Director
10(9).
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•
•
•
•
•

more pupils might stand because driver's view is obstructed
more students might be found left on buses
more expensive to purchase
may be prohibited under certain FMVSS 217 provisions (governs school bus
window retention and emergency release)
no proven documentation of their effectiveness

Those who advocate the installation of higher seat-backs are concerned that " ...if
action [the installation of higher seat-backs] [is not] taken, it could undermine
compartmentalization vis-a-vis seat belts and result in political pressure for belts. "4 Also,
advocates contend that higher seat-backs will reduce "hyperextensions of the neck;
particularly for larger, taller passengers, and, if a school bus were involved in a frontal
Impact collision, "higher seat-backs will reduce the likelihood that passengers thrown
forward in their seats (with or without lap-belts) will strike the top of the seat-back in front
of them, or override the seat-back in front of them and strike other passengers."5
Recommendation: To determine feasible solutions to the possible caveats
associated with the installation and use of higher seat-backs, It is recommended that
more research be conducted. This may include sled or crash testing, a demonstration
project or isolated case study (Dade County, Florida, currently operates several buses
with higher seat-backs), and the administration of comprehensive surveys to school
districts and pertinent personnel In the states of Illinois, New York, and New Jersey (to
date, the only states known to require 24-inch high seat-backs) to acquire relevant
information regarding their operational experiences with higher seat-backs. This
information may be used to determine the most appropriate seat-back height tor possible
future installation of these devices in non-Type A Aorida school buses.
Rearward·Factng Seats wltn Lap-Belts
Of the modified seats and various restraint systems tested by Transport Canada,
rearward-facing seats with lap-belts offered the most occupant safety protection, notably
more than the unmodified standard 39-inch-wide seat incorporating a 20-inch-high seat-

'Ibid.

'Transponation Research Board. 1989.<>p cit.
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back as measured from the SRP.6 The HIC values recorded for the head-on and angled
(30' from the longitudinal axis) impact tests were 275.6 and 309.2, respectively. With
regard to the recorded peak chest acceleration values for the rearward-facing seats with
lap-belts in both the head-on and angled impact tests, they also were significantly below
the levels recorded for the other seating and safety restraint system designs tested.
Figures 17 and 18 below, also provided in Chapter V of this report, graphically illustrate,
in comparison with the other seating and safety restraint system designs tested by
Transport Canada, the safety potential of rearward-facing seats with lap-belts.

Figure 17
HIC and Chest Acceleration
Values for Transport Canads Head-On Impact Test
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Recommendation: The progress and body of research compiled by Transport
Canada regarding the concept of rearward-facing seats with lap-belts should be followed
intently. Any decision to proceed with future research and testing vis-a-vis a
demonstration project in Florida would require FMVSS 222 to be amended to allow for the
installation and use of seats that face the rear of the school bus. FMVSS 222 currently
mandates forward-facing seats only. If FMVSS 222 were to be amended, evaluation
experiments with large Florida school buses equipped with rearward-facing seats with
andjor without lap-belts should be seriously considered. They may provide, in
conjunction with higher seat-backs (24-inches as measured from the SRP), the next
substantial step forward In improving Florida school bus occupant safety.

6

Farr, G.N. 1987. School Bu.s Seal De.elopment Study. Traffic Safety Standards and Research, Transpon

Canada, Ottawa, Ontario, Canada.
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In addition to higher seat-backs and the concept of rearward-facing seats w~h lapbelts, it is recommended that the following safety investment options receive further
consideration. These include:
•
•

•

airbags
electronic proximity sensors
on-board adult monitors

Alrbags
The airbag system investigated by the UCLA researchers had several functional
problems associated with its use, illustrated by the following:
•
•
•
•
•

Except under exceptional circumstances, they did out perform properly
structured, properly padded high-backed seats.
The device would have to be concealed in such a manner as to be immune
from the meddling nature of the school bus occupants.
The high cost of electronic operation and maintenance made them prohibitive.
Accidental firing could cause Injuries.
Immediately after a collision, airbags could seriously inhibit a prompt evacuation
of injured or unconscious children due to the enormous volume they displace
when fully inflated.

Recommendation: Because of the numerous technical problems associated with
the airbag concept, the UCLA team concluded that "further research is recommended
before a decision can be made concerning its practicality for school buses."7 In the 25
years that have passed since the UCLA Series I test was performed, airbag technology
has advanced to such a sophisticated level that these devices are now standard
equipment or are offered as optional equipment on almost every automobile and light
truck sold in North America. Because of the advances in airbag technology, it is
suggested that further consideration be given to research and testing of the "practicality"
of airbags for large school buses operating in Rorida.

'Severy et al. 1967.School Bus Passenger Protection.lnstitute of Transponation and Traffic Engineering,
University of California at Los Angeles, California.
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Electronic Proximity Sensors

In 1986, fiVe Florida counties were involved in a testing project that evaluated the
practicality of electronic proximity sensor systems. These devices were marketed under
the name of CAR. E., Safety Sensor System. The five participating counties included Bay
County, Volusia County, Lake County, Polk County, and Orange County.
In its final report, the committee responsible for evaluating the CAR. E. proximity
sensor system noted the following: 8
•
•

•
•
•

The system fails in moist weather to include rain or fog.
The system is unreliable in that it does not give sig(lals when it should, or gives
false alarms.
Lack of driver's confidence due to unreliability (false alarms) of the system.
All units tested have been replaced or modified by the manufacturer, and they
subsequently malfunctioned or failed.
The frequencies of malfunctions and complete failures during the test period
would indicate a high life cycle maintenance problem that would impact both
personnel and cost.

Recommendation: Due to the disturbing number of student fatalities and injuries
caused by students being struck and fatally injured by their own school bus, it Is
recommended that closer review, study, and testing be given to eliminate the inherent
problems associated with the electronic proximity sensors currently available for
installation on Florida school buses.
On-Board Aduh MonHors

Another strategy for reducing the number of students injured by their own school
bus is the use of on-board monitors. Monitors not only have the potential to prevent
loading, unloading and crossing accidents, they could also be utilized in maintaining onboard student discipline.

• Lettor from Louise M. C~dwell, Program Director, Transportation Operations, Audi!S and Safety Division
of Florida Public Schools, to the Center for Urban Transportation Research. November 18, 1992.
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Research questions surrounding this issue involve effectiveness of on-board
monitors, use of paid or voluntary monitors, personal liability of monitors, school board
liability for actions by monitors, training and certification of monitors, and "other" costs
involving monitors, e.g., recruiting, employment screening, scheduling and insurances.
Collection of School Bus Accident Data
The literature review pointed out that there is a dearth of concrete evidence
concerning just how effective safety restraints are or may be in large school buses. This
lack of concrete evidence emphasizes the important need for a comprehensive study to
compare the fatality and injury rates among belted and unbelted school bus occupants
to decisively determine their safety potential. Therefore, it is recommended that multiple
years of school bus accident data before and after the installation of safety restraints in
large school buses be acquired from school districts (possibly state departments of
transportation) that currently operate large school buses with safety restraints. The
accumulation of these data will enable a longitudinal/time-series analysis (or another type
of empirical analysis) to be performed. An analysis of this type can be used to compare
the safety performance of school buses before and after the installation of safety restraints
In order to establish either an upward trend, a downward trend, or a stationary trend in
the number of fatalities and injuries sustained by large school bus occupants. The
identification of one of these trend types may provide the insight necessary in determining
the effectiveness of safety restraints (lap-belts) in large school buses.
Operating Experiences
Comprehensive surveys should be administered to school districts and states that
currently require the installation of safety restraints in large school buses to acquire data
regarding their operational experiences with safety restraints Oap-belts), i.e., the issue of
liability, seat belt use/compliance, maintenance costs, vandalism of belts, influence of
safety restraints on student conduct, and other information.
CONC LUSION
An analysis of the crash performance of large school buses in 1987, led the
National Transportation Safety Board (NTSB) to conclude that •.. .large school buses are
an extremely safe form of transportation when compared to other modes of
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transportation.'.g The exemplary safety record of school buses in Aorida, however,
should not imply that safety improvements to large school buses be precluded. Accidents
involving large school buses in Aorida continue to occur, and as long as one child is
fatally or seriously injured, the pursuit of increased safety must be a constant process.

' National Transportation Safety Board. 1987. Saftl)' Study - CrOJhworthiness of Large Poststandard School

Bu.res. Bureau of Safety Programs, Washington, D.C.
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APPENDIX A

Federal Motor Vehicle Safety Standards That Apply
to School Buses

A-1

Table 48
FMVSS That
to School Buses

• Af:!pliea only to tehool buNt with grou whiolt 'rilghtt of 10.000 lbt. Of lest.
b FMVSS 209 and 210 apply only to drlvlf't seats on all school buses and to pa886tlgeJ seats on ld'lool with

gtosa vehldt weights of 10.000 lbs. 01 leas.
c Applies only to aehool buaea with grou vehicle weightt gre,_,r 1han 10,000 lbs.
d AmtndiMI by NHTSA to require a system of convex mirrOfa on school buses built atttr 0.0. 1, 1993.

Sourc.: TrantportatiOn Aeseatch Board. 1989./mprolllng School Bu~ Sar.ty. Special Report 222.
Na1ional Rt:March Council, Washington, O.C.
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APPENDIX B
Variable Effectiveness and Usage Rate
Combination Tables Per $1 ,000,000 Annual Investment
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Table 49
Variable Effectiveness Rates as Applied to Higher Seat-Back
Injury Severity Reduction
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Table so
Variable Effectiveness Rates as Applied to Adult School Bus
Monitor Injury Severity Reduction
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Variable Effectiveness Rates as Applied to Dual Stop
Signal Arm InJury Severity Reduction
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Variable Effectiveness Rates as Applied to Crossing Control Arm
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Variable Effectiveness Rates as Applied to External Loud Speaker
System Injury Severity Reduction
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Table 55
Variable Effectlvenl!$& and Usage Rates as Applied to
Lap/Dual Shoulder Belt Incapacitating Injury Reduction
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Variable Effectiveness and Usage Rates as Applied to
Lap/Dual Shoulder BeH NonlncapacHatlng Injury Reduction
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Variable Effectiveness and Usage Rates as Applied to Lap/Dual
Shoulder Belt Possible Injury Reduction
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Variable Enectlveness and Usage Rates as Applied to
Lap/ Shoulder Belt Fatality Prevention
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Table 59
Variable EffectiVeness and Usage Rates as Applied to
Lap/Shoulder Belt JncapacHatlng Injury Reduction
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Variable Effectiveness and Usage Rates as Applied to
Lap/Shoulder Belt NonincapacitaUng Injury Reduction
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Table 61
Variable Eflectlveneas and Usage Rates as Applied to
Lap/ Shoulder Belt Possible Injury Reduction
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Table 62
Variable Effectiveness and Usage Rates as Applied to
Lap-Ben Fatality Prevention
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Table 63
Variable Effectiveness and Usage Rates as Applied to
Lap-Belt lncapacHatlng Injury Reduction
, . _.,_

100!0

0.7261

0

.

•

2./788

" - " ' - "..,.,; . .

z.mo

B·XVI

•

. . . ., -

, , __ .

~· - •' .

... . . . . . .

,

..

>

... _.-__ •

Table 64
Variable Effectiveness and Usage Rates as Applied to
Lap-Belt Nonlncapacltatlng Injury Reduction
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Table 65
Variable Effectiveness and Usage Rates as Applied to
Lap-Belt Possible Injury Reduction
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Table 66
Variable Effectiveness and Usage Rates as Applied to
Rearward-Facing Seats with a Lap-Belt Fatality Prevention
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Variable Effectiveness and Usage Rates as Applied to
Rearward·Faclng seats wtth a Lap-Bell Incapacitating Injury Reduction
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Table 68
Variable Effectiveness and Usage Rates as Applied to
Rearward-Facing Seats with a Lap-Belt Nonincapacltatlng Injury Reduction
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Table 69
Variable Effectiveness and Usage Rates as Applied to
Rearward-Facing Seats with a Lap-BeH Possible Injury Reduction
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APPENDIX C
Variable Effectiveness and Usage Rates Combination Tables as
Applied to All Large Public Florida School Buses
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Table 70
Variable Effectiveness Rates as Applied to Higher Seat-Back
Injury Severity Reduction (installed for an annual investment of $385,000 in
all large public Florida school buses, 14,008)
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Table 71
Variable Effectiveness Rates as Applied to Adult School Bus
Monitor Injury Severity Reduction (all large public Florida (14,008) school buses
staffed annuallv for
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Table 72
Variable Effectiveness Rates as Applied to Dual Stop Signal
Arm Injury Severity Reduction {Installed tor an annual Investment
ot $950,000 In all large public Florida school buses, 14,008)
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Table 73
Variable Effectiveness Rates as Applied to Crossing Control Ann
Injury Severity Reduction (Installed for an annual investment of $900,000
In all large public Florida sChool buses, 14,008)
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Table 74
Variable Effectiveness Rates as Applied to External Loud Speaker
System Injury Severity Reduction (Installed for an annual Investment
of $750,000 In all large public Florida school buses,
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Variable Effectiveness and Uaage Rates as Applied to
Lap/Dual Shoulder Belt Fatality Prevention (Installed for an annual
Investment of $7,700,000 In all large public Florida school buses, 14,008)
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Variable Effectiveness and Usage Rates as Applied to
Lap/Dual Shoulder Belt Incapacitating Injury Reduction (Installed for an
annual Investment of $7,700,000 In all large public Florida school buses, 14,008)
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Table 77
Variable Effectiveness and Usage Rates as Applied to
Lap/Dual Shoulder Belt Nonincapacitating Injury Reduction (installed
for an annual investment of $7,700,000 in all large public Florida school buses, 14,008)
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Variable Effec:tlveness and uage Rates as Applied to
Lap/ Dual Shoulder Ben Poulble Injury Reduction (Installed
tor an annual Investment of $7,700,000 In all large public Aorlda
school buses, 14,008)
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Table 79
Variable Effectiveness and Usage Rates as Applied to Lap/Shoulder
Belt Fatality Prevention (Installed for an annual Investment of $6,400,000 In all
Florida school buses, 14,001
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Table 80
Variable Effectiveness Rates as Applied to Lap/Shoulder Belt
Incapacitating Injury Reduction (Installed for an annual Investment of
In all large public Florida school buses, 14,008)
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Table 81
Variable Effectiveneas and Usage Rates as Applied to Lap/ Shoulder Belt
Nonlncapacltatlng Injury Reduction (Installed for an annual Investment of
$6,400,000 In all large public Florida school
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Table 82
variable Effectiveness and Usage Rates as Applied to Lap/Shoulder
Ben Possible Injury Reduction (installed for an annual Investment of
$6,400,000 In all large public Florida school buses, 14,008)
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Table 83
Variable Effectiveness and Usage Rates as Applied to
Lap-Belt Fatality Prevention (Installed for an annual Investment
of $2,800,000 In all large public Florida school buses, 14,008)
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Table 84
Variable Effectiveness and Usage Ra1ea aa Applied to
Lap-Belt Incapacitating Injury Reduction (Installed for an annual
Investment of $2,800,000 In all large public Florida school buses, 14,008)
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Table 85
Variable Effectiveness and Usage Rates as Applied to
Lap-Belt Nonlncapacltatlng Injury Reduction (Installed for an annual Investment of
$2,800,000 In all large public Florida school buses, 14,008)
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Table 86
Variable Effectiveness and Usage Rates as Applied to
Lap-BeH Possible Injury Reduction (Installed for an annual
investment of $2,800,000 In all large public Florida
school
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Table 87
Variable Effectiveness and Usage Rates as Applied to
Rearward-Facing Seats with a Lap-Belt Fatality Prevention (Installed
for an annual Investment of $5,300,000 In all large public
Florida school buses, 14,008)
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Tabla 88
Variable Effee11veness and Usage Rates as Applied to
Rearward-Facing Seats with a Lap-Belt Incapacitating Injury Redue11on
(Installed tor an annual Investment of $5,300,000 In all large public Florida
school
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Table 89
Variable Effectiveness and Usage Rates as Applied to
Rearward-Facing Seats with a Lap-Belt Nonlncapacltatlng Injury Reduction
(Installed for an annual Investment of $5,300,000 In all large public Florida
school buses, 14,008)
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Table 90
Variable Effectiveness and Usage Rates as Applied to
Rearward·Faclng Seats with a Lap-Beh Possible Injury Reduction
(Installed for an annual Investment of $5,300,000 In all large public Florida
school buses,
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